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PROCEEDINGS 


CHEMICAL SOCIETY. 


at 7.15 p.m. 


The President, Proressor E. K. Ripeat, M.B.E., M.A., D.Sc., F.R.S., was in the 
Chair. 


The Minutes of the Meeting held at Burlington House on March 16th, 1950, and of the 
Meeting held in the Zoology Department, pom Ne pa West Mains Road, Edinburgh, 
on March 30th, 1950, were read, and were confirmed and signed. 


FORMAL ADMISSION OF FELLOWS. 
The following were admitted Fellows of the Society : Betty H. M. London, F. J. Macrae, 


S. C. Snell, H. Tauber, D. R. Warren, Denys J. Voaden, Arthur D, Thomas, J. F. Cavalla, 
A. R. Pinder, J.-E. Saxton. 


TILDEN LECTURE. 
The President called upon Professor F. S. Spring to deliver the Tilden Lecture entitled, 
** Recent Advances in the Chemistry of the Steroids.’’ At the conclusion of the lecture, 


a vote of thanks to Professor Spring, proposed by Professor E. R. H. Jones, was carried 
with acclamation. 


OFFICIAL ANNOUNCEMENTS. 
DEATHS. 


The Council regret to announce the deaths of the following Fellows : 


ames Joseph hwaite (Salford) ...... Apr. 4th, 1946. Dec. 15th, 1949. 

haries vibson Ss. 

1924-33; 


, C. 1923-26, 1931—34; 
1934-37, 1942-44, 1946—50; P. 1944-— 


0B... .ccccvccoesnessiscminbibieneartniipmiaiebes Feb. 18th, 1909. Mar. 19th, 1950. 
Eric Heymann (Carlton, Victoria) ............ une 15th, 1944. Nov. 23rd, 1049. 
Thomas McLean le agtiveneveayaree une 19th, 1941. Jan. 19th, 1950. 


Mar. 25th, 1950. 


The President has conveyed the congratulations of the Council to Mr. Harold Picton 


eo nearenagee who completed 60 years of Fellowship on April 17th, 1950, and to the 
following, who completed 59 years of Fellowship on May Sed. 1950 : 


Sir (Arthur) Charles Davis ( 


June, 1950. 
or THE 
} Minutes of a 
MINUTES. : 
Flected Died. 
Hale (Harpenden) May 7th, 1936, Oct. 1948. 
ir (Walter) Norman Haworth 
Cross) 
CONGRATULATIONS. 
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ELECTION OF NEW FELLOWS. 


ames Hunter Adam. 
Adler 


Hrian Baker. 

Wolfgang Gerson Barb. 
Anthony Kenneth Barbour. 
Philip Henry Trim Beckett. 
Henry Semple Blair 


Douglas John Carswell. 
Anthony Clifford Caws. 
William Henry Chapman. 
ohn Martin Chemerda. 
vy Edward Cockaday. 
Raymond Col 
oseph Holgate Cooper. 
ohn William Cornish. 
1 Stanley Cox 
Roger Alleyn Davison 
Timothy Leslie Dawson. 
Norman Basil Dean. 
ean Hill Duffus 
Melanby Dunn 
Harry Derek Edwards. 
Ronald Egien 
itiam David Engthish 
ohn Edwin Palk 
er Eric Fielding 
Adam Hastings Fiske 
Walter Julius Freund 
Neil Robert Francis. 
Ronald Frost. 
Tejendra Nath Ghosh 
fan Gordon Francis Gilbert. 
Frank Philip Gloyns. 
Irving Goodman 
Murray Alexander Mungo Graham 
Edward Joshua Greenhow. 
Anil Kemar Gupta 
oha Alwyn Hall 
ohn Panton Hall 
Margaret Hankins. 
Frank Elias Harper 
Eric Frank Payne Harris 
Frederick Allan Harwood 
Robert Donald Hoskin Heard 
Henry Martin Hellman 
Francis Hewitt 
Esau Abbas Hoesin. 
Archibald John Paton Hogg. 
Milton Jones Hogsed. 


CORDAY- MORGAN MEDAL AND PRIZE. 


Mr. Percy Metcalfe, C.V.O. 


The following 117 candidates were elected Fellows of the Society on May 4th, 1950 - 


The illustration opposite shows the Corday-Morgan Medal designed for the Society by 
The portrait of Sir Gilbert Morgan on the obverse is in- 
tended to represent his interests, which covered both Pure and Applied Chemistry. The 


Arthur Frederick LeCore Holding. 
Gilbert Hooley. 
ridohn Alfonse Hoyer. 


Victor Jones. 
Frederick John Julietti. 
Bernard Crook Kilkenny. 
Ferdinand Hobert Kruse. 
Richard Vincent Charles Kynch. 
Patrick Joseph Leahy 
Colin Graham Macdonald 

obn Finnie McGechen. 

ohn H Mal 


Peter Edward Molloy. 

Sayyid Shah Muhammad. 
Dennis Daniel Ernest Newman. 
Henry Pannell. 

Kenneth Richard Payne. 
Raymond Dixon Peacock. 
Ronald $ 


Stanley Arthur Ray. 
ames Edgeley F Renton 
Bertram Robert Reynolds. 
David Samuel Petrie Roebuck. 
ssell 


oseph R. Schwartz. 
nthony Walter Scopes. 
Alastair lan Scott. 
Kurt Lothar Seligman 
Edward Shotton. 
ames Noel Sibson 
derrick John Silver. 
Robert Charles Morris Smith 
Lumir Sommer 
Peter Adrian Hugh S$ 
Francis Sydney Statham 
ohn Bedford Stenlake. 
-dward Robertson Stuart. 
Wilham Arthur Swindin 
Walter Charles Taylor. 
oseph Knight Thompson. 
eric Vernon Truter 
Richard J oh Tudor. 
Roy Stewart Variey 
Hans Max Wagner 
William Derek Walsh. 
Denman George Wibberiey. 
Roger Michael Wilhamson 
obn Barrett Wilton. 
obert William Woodhead 
Walter Bruce Yeoman. 


Raj Bahadur Agarwal 
Patrick Andrews Micha Alexander Jermyn 
Brian Keith Bienkinship 
Humphrey John Moule Bowen. | 
Pa Milton Neil Brady. ] 
George Michel Bristow. 
< Robert Stewart Brown. ichael Albert Manganelli | 
Thomas Bryce. Er George Meek 
4 Ronald Leno Bull. 
Harold Theodore Byck 
5 Michael Joseph Pryor 
Dilwyn Morgan Samuel. 
Seymour Schmukler. 
Henry Joseph Schneider. 
Mahadeva Lal! Schroff 


The Corday-Morgan Medal 


(mo 
(Te face Proceedings, p. 74, 


| 
i 
| 
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reverse of the medal depicts a Mediterranean land-crab to symbolise the chelate compounds 
a crab’s claw), which will always be closely associated with the name of Sir Gilbert 
(cf. Morgan and Drew, J., 1920, 117, 1457). 

Applications for the Medal and Prize for 1949 must be received not later than December 
3ist, 1950. Applications in respect of the award for 1950 are due before the end of 1951, 
The rules governing the award were last published in the Proceedings for April 1950. 

A selection committee, with the President as Chairman, and consisting of the im- 
mediate Past-President and the six Vice-Presidents who have not filled the office of President, 


has been appointed to submit to Council recommendations for the award of the Medal 
and Prize. 


ANNUAL SUBSCRIPTIONS UNDER COVENANT. 


Fellows who pay United Kingdom Income Tax at the full rate on any part of their 
income can substantially benefit the Society without any cost to themselves by covenanting 
to subscribe regularly for seven years. 

By virtue of its status as a Charity, the Society is able to reclaim the tax paid by a 
Fellow on the amount of the annual subscription if that subscription is paid under Covenant. 

For example, if a Fellow who at present pays an annual subscription of {3 10s, under- 
takes to pay this sum annually for seven years the Society is able to recover from Inland 
Revenue {2 17s. 3d. which has been paid as Income Tax. Similarly, Fellows who regularly 
receive a wider range of publications than are available under the basic subscription may 
covenant for a correspondingly larger sum. It should, however, be noted that there can 
be no reduction in the net amount due annually from those Fellows who subscribe under 
covenant, since the tax is refunded for the benefit of the Society as a whole and not for the 
benefit of individual Fellows. Full details of this arrangement will be circulated to Fellows 
individually in due course. The Council invites Fellows to assist the Society in this way by 

ing a Deed of Covenant. 

Several hundreds of Fellows already pay their subscriptions by Bankers’ Order. By 

igning a Covenant and without disturbing the present arrangement with their banks, 
such Fellows (if paying Income Tax at the Full Rate) could substantially increase the 
| Society's income. 


Those who are able to claim that Fellowship of the Society is a condition of their em- 
ployment or a necessary expense of their business, and so obtain relief from taxation 
on the amount of their subscription, should not complete a Deed uniess they are prepared 
to forego tax relief in future years. Those who do not obtain such relief at present and 
decide to complete a covenant will not be prevented, if their circumstances should change, 
from obtaining tax relief at a later date. 

: The Covenant may also be used by Life Fellows or by any others who might wish to 
contribute to the general Funds of the Society. 

Those who sign Covenants will be asked later to give the Society each year, a certificate 
that Income Tax has been paid. The Society will supply the necessary simple form at the 

appropriate time. 

| SCIENTIFIC MEETINGS 1950-51. 


The following dates for Scientific Meetings during the session 1950—51 have been 
approved by Council : 


October 12th. January 
" 26th. ebruary Ist. 
November 16th. 15th. 
December I4th. March 15th. 
» 20/2ist.* 
May 3rd. 
June 7th. 


* Anniversary Meetings, to be held in London. 


The Council have also agreed that the time of evening meetings should be changed from 
7.15 to 7.30 p.m, 


CENTENARY LECTURERS. 
Dr. K. Linderstrém-Lang and Professor R. B. Woodward have been appointed 
Centenary Lecturers for the session 1960—51. 


VACANCIES ON COUNCIL 1950 -51 
Vice-Presidents who have filled the Office of President. 
Professor N. V. Sidgwick, who was due to retire at the Annual General Meeting 
in March 1050, remains a Vice-President in place of the late Sir Norman Haworth. 


Constituency 111-—North West England, North Wales and Isle of Man. 

The Council have unanimously co-opted Dr. G. Baddeley as a Member of Council 
until the Annual General Meeting in 1951 to fill the vacancy caused by the death of 
Dr. A. E. Gillam. 


MEETING CF COUNCIL. 

A Meeting of Council was held on May 4th, 1950. 

The Council stood as a tribute to the memory of Professor C. S. Gibson, a former 
Honorary Secretary and Vice-President of the Society, and of Sir Norman Haworth, a 
Past-President, whose deaths were reported. 

The Report of the meeting of the Publication Committee held on March 16th, 1950, 
was received, and it was agreed that a statement assembling new decisions of nomenclature 
taken during the year should be published annually in the December issue of the Journal. 

The Council received with pleasure an invitation to hold the Anniversary Meetings for 
1952 in Dublin, and accepted provisionally. 

The Report of the Meeting of the Joint Library Committee held on March 22nd, 1950, 
was received, and the list of books recommended for purchase was approved. 

It was agreed not to make any change in the prices of publications to be charged in 
1951. 

It was reported that, arising from the increased cost of raw materials brought about by 
the devaluation of sterling, the price of paper had been increased, and that, on the basis of 
present consumption, the additional cost to the Society would be about {750 per annum. 

The thanks of the Council have been conveyed to Miss N. J. Broadway, Dr. J. S. 
Lumsden, Mr. A. P. Mieras, and Mr. G. S. Ward for gifts of the Society's publications. 

The Report of the meeting of Local Representatives held on March 30th, 1950, was 
adopted. 

The resignations of Dr. F. R. Goss (Leeds) and Dr. J. D. M. Ross (St. Andrews and 
Dundee) as Local Representatives were accepted with regret, and Mr. P. A. Briscoe and 
Dr. H. T, Openshaw were appointed. 

Professor D. H. Hey and Sir John Simonsen were nominated to serve on the British 
National Committee for Chemistry and the Council of Management of the Lawes Agri- 
cultural Trust, respectively, in the place of the late Sir Norman Haworth, who had repre- 
sented the Society on both Committees. 

Professor D. H, Hey and Professor H. Burton were appointed to represent the Society 
at the celebrations of the 50th Anniversary of the Discovery of the Grignard Reagents 
in Lyons on May 13th, 1950. 

It was reported that Professor F. A. Paneth has accepted an invitation to represent the 
Society at the Celebrations of the 50th Anniversary of the Discovery of Radium to be held 
in Paris on July 16th to 20th, 1950, 


THE LIBRARY 

From July 17th to September 30th, the Library will be open from 10 a.m. to 5 p.m. daily, 
except during the fortnight, August 7th to 19th, 1950, inclusive, when it will be closed for 
revision and cleaning. 


| 


METALLURGICAL APPLICATIONS OF THE ELECTRON MICROSCOPE. 

Papers presented at a Symposium held in London on November 16th, 1949, by the 
Institute of Metals in association with the Chemical Society, the Faraday Society, the 
Institute of Physics, the Institution of Electrical Engineers, the Iron and Steel Institute, 
the Physical Society, and the Royal Microscopical Society have now been published by the 
Institute of Metals, 4 Grosvenor Gardens, $.W.1., as a Monograph (price to non-Members 
of the Institute of Metals 21s. post free). 

Some of the papers are of a review character and summarize the work that has been 
done so far in Great Britain, France, Germany, and the United States; others record re- 
search results hitherto unpublished. 

The Symposium was attended by about 300 scientists from various countries. The 
discussion, which is fully reported in the Monograph, contains important contributions 
from metallurgists and from leading workers in the field of electron microscopy. The 
Monograph as a whole forms, therefore, a comprehensive and up-to-date guide to the use 
of the electron microscope in metallurgy. 


MEETINGS OUTSIDE LONDON. 
SHEFFIELD. 

Tilden Lecture, “‘ Recent Advances in the Chemistry of the Steroids,”’ by Professor F. S. 
Spring, D:Se., F.R.1.C. 

A joint meeting with the University Chemical Society was held in the Chemistry 
Lecture Theatre of the University on April 27th, 1950, with Professor R. D. Haworth in 
the Chair. 

In his lecture, which was also given in London on May 4th, Professor Spring dealt with 
cortisone and related 

On the motion of Dr. T. S. Stevens, a cordial vote of thanks was given to the Lecturer. 


SOUTHAMPTON. 

“ Trace Elements in Plant Life,’’ by Dr. W. A. Roach, A.R.L.C. 

A joint meeting with the Royal Institute of Chemistry (Mid-Southern Counties Section) 
and the Portsmouth and District Chemical Society was held at the Municipal College, 
Portsmouth, on April 26th, 1950, with Mr. R. Chatterton in the Chair. 

After outlining the nature of the trace elements and the methods by which they are 
determined, Dr. Roach went on to show how deficiency of these elements is detected and 
the various methods by which the deficiencies can be remedied on the large scale, His 
lecture was illustrated by a number of slides showing the equipment employed, and the 
results obtained, and also by a number of incidents drawn from his wide and varied 
experience in field and plantation, both in this country and abroad. 

A number of those present participated in the ensuing discussion and the meeting 
terisinated with a hearty vote of thanks proposed by Dr. C. G. Lyons, and carried with 
acclamation. 


“ Recent Synthetical Developments in Pyrethrum Chemistry,"’ by Dr. S. H. Harper. 

A joint meeting with the University College Chemical Society was held in the Physics 
Department of University College, Southampton, on May Sth, 1950, with Dr. A. R. Burkin 
in the Chair. 

After a brief description of pyrethrum cultivation, Dr. Harper discussed the nature and 
structure of the active principles of the plant and then dealt with recent studies which have 
resulted in the synthesis of portions of pyrethrin molecules and related substances. The 
lecture was illustrated by excellent slides showing synthetical routes. 

A discussion followed, and a vote of thanks to Dr. Harper, proposed by Dr. L. G. M. 

. Campbell, was warmly accorded. 


LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objections to the election of these candidates should communicate with the 
Honorary Secretaries within ton days of the date of publication of the Journal for June, 1950. Such odjec- 
toms will be treated as confidential he forms of application are avaiable on the Library ) 


*Addicott, Harold Frank Simpson. [ritish. 13, Shrewsbury Lane, Shooters Hill, S.E.18. Student at 
Woolwich Polytechnic. Signed by: G. H. Jeffery, A. E. Akerman, J. Leicester. 
Masry. British. Brown, Bayley’s Steel] Works Ltd.. Leeds Road, Sheffield, 9. Chief metal- 
lurgist. Signed by: G. Larkin, W. E. Ballard, R. Belcher. 
Thomas. Jritish Wesley College, Newtown, N.S.W., Australia. Research Student. 
R. J. W. Le Pévre, T. Iredale, L. E. Lyons 
158, Wild Street Estate, Kingsway, W.C.2. Student at Woolwich 
Signed by A. L. Vogel, L. Ellison, J. Leicester. 
*Clist, Brian George. British. Mountshayne, Hemyock, Nr. Cullompton, Devon. Student. Signed 
by: J. KN. Jones, F. H. Pollard, L. Hough 
“Conan, Henry Robert, B.A. and BSc. (Oxon). British, 26, Waterloo Road, Dublin. Technical 
assistant at W. & H. M. Goulding, Ltd., Dublin. Signed by: J. W. Parkes, A. G. G. Leonard, 
T. 8. Wheeler 
Darwent, Basil de Baskerville, 1! Sand Ph.D. (McGill), British National Research Council, Ottawa, 
Ontario, Canada. Associate Research Chemist. Signed by: E. W. R. Steacie, G. W. Meadows, 
P. Agius 
De Mayo, Paul, BS«. (Lond), ARC. British. 30, Mount Park Road, Ealing, W.5. Research 
Chemist, Department of Clinical Pathology, University College Hospital. Signed by: D. E. Ames, 
RK. E. Bowman, W. Rigby 
, William British. 25, Northwood Koad, Carshalton. Bacteriologist at The Counties 
Public Health Laboratories, 5.W.1. Signed by: J. E. Coppock, R. L. Hoather, G. Miles 
Edward Walter, (Manc), ARILC. British 10, Miller Road, Oldham. Chemist. 
Signed by: T.G. Halsall, G. N. Burkhardt, C. Binns 
Fogg. Alan, M.A. and B.Sc. (Oxon), British. 89, Court Lane, Dulwich, S.E.21. Industrial 
Consultant. Signed by: A. W. Maraden, S. |. Rowland, A. G. Pollard 
“Prith, William Cyril, B.Sc. (Manc). British. 30, Bridge Mont, Whaley Bridge, Nr. Stockport. Re- 
search Student at Manchester University. Sigued by: F. Fairbrother, T. H. H. Quibell, S. Dunstan. 
Mario, B.S<. (Lond), ARTIC. British, 194, Malvern Road, West Kilburn, N.W.6. 
Civil Servant. Signed by: H. J. Dothie, N. W. Squance, P. J. Hardwick. 
Harrigan, Francis Patrick, (Glas). British. C/o Glaxo Laboratories, Ltd., Greenford. Develop- 
ment Chemist. Signed by: H. W. Gurney, A. Jackson, A. P. Best 
*Havard, David Colin. [ritish. 159, Ealing Road, Wembley. Student at Acton Technical College. 
Signed by. J. H. Skelion, G. J. L. Griffin, J. W. Spence 
Anthony B.Sc. (Lond.), A-R.LC. British. 1A, Bridle Road, Shirley, Croydon. 
Chemist. Signed by: E.C. Allison, J]. R. Miller, R. E. Dabby. 
*Kay, Isobel Ann, B.Sc. (Lond). British. 50, Spencer Road, Twickenh R ch Chemist. 
Signed by: V. A. Petrow, O. Stephenson, J. 5. Webb 
Lewis, Graham Ethelbert, Se. (Adelaide). Australian. 11, Princes Street, Croydon, South Australia. 
Research Student. Signed by: G. M. Badger, R. Pettit, J. S. Shannon 
Loughlin, Rev. Wilfrid James, Sc. and PhD. (L'pool), ARLC. British. Ampleforth College, 
York. KC. Priest, Engineer and Estate Manager at Ampleforth College. Signed by: R. J. S. 
ieer, W. B. Whalley, G. W. K. Cavill 
*Lant, John Cooper, B.Sc. (Lond). AK.CS. British 21, Palace Gate, Kensington, W.8. Research 
Student. Signed by: B.C. L. Weedon, J. A. Elvidge, R. P. Linstead 
May, Charles Gerard, M Sc. (Manc.). Biritish. 26, Bradford Avenue, Great Lever, Bolton. Research 
Student at Manchester University. Signed by © H. D. Springall,G. N. Burkhardt, T. H. H. Quibell. 
B.Sc. (Glas British. La Carriere, Pointe-a-Pierre, Trinidad, 
J. W. Cook, J. Bell, T. H. Goodwin 
(Iiiinots), and Ph.D. (Calif). American. 24, Brundretts Road, 
Mane hevter, 21. Fulbright Research Fellow at Manchester University. Signed by: K. F. Coles, 
1. Goodman, F Rorrows 
Mullen, Bernard Francis. [rish. Oriel. North Road, Drogheda, Ireland. Chief Chemist at Drogheda 
Chemical Manure Co. Ltd. Signed by: T.S. Wheeler. D. O'Tuama, J. G. Belton 
*Pearce, Brian. Jiritish. Hestercombe, Place Road, Cowes, Isle of Wight. Student at University 
College, Southampton. Signed by; N. K. Adam, K. R. Webb, A. R. Burkin 
Osman Egyptian. 20A, Bellegrove Road, Welling. Student at Woolwich 


Polytechnic Signed by» G. H. Jeffery, A. I. Vogel, L. Ellison 
George Clement. firitish. 202, Ealing Road, Wembley. Student at Acton Technical College. 
J}. W. Spence, }. H. Skelion, G. J. L. Griffin 
*Stacey, Bernard Ellis, 1}.Sc. (Hristol). British. 51, Shoreditch Road, Taunton, Somerset. Research 


Chemist at British Cellophane Ltd., Bridgwater. Signed by: D. G. Easterby, S. R. Stitch, J. K. N. 
Jones 
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*Thirkell, David Sloan, B.Sc. Aastralian. 
Signed T. Iredale, L. _ Lyons, N. A. Gibeoo. 
John, BSc. (Glas), AR.LC. British. 18, Weston Terrace, West Kilbride, Ayrshire. 
Research Assistant, Royal Technical College, Glasgow. Signed by: J. A. Horn, N. F. H. Bright, 
W. Gibb. 
*Tinson, Henry James, B.Sc. (Sydney). British. 22, Burra Street, Pendle Hill, N.S.W., Australia. 
Research Student. Signed by: T. Iredale, L. E. Lyons, N. A. Gibson. 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


(Agra). Indian. Madho Ashram, 3, Nam Nair Agra, Cantt, 
India. Student. Signed by : 

Bhargava, Pushpa Mittra, M.Sc ard neko Indian. C/o Dr. R. C. Bhargava, House, 
Marrio Road, Aligarh, U.P., India. Research Student at Central Laboratories for and 
Industria! Research. Hyderabad. Signed by > T. R. Seshadri. 

» B.A. and B.Sc. (Oxon.). British. Dass 


Michael Roy, M.Sc. (Univ. ‘of Saskatchewan), 
Chemical Engineering, Nova Scotia Technical College, Spring Garden Road, Halifax, Scotia. 
Professor of Industrial Chemistry. Signed by: D.C. Lioyd. 

Guteche, Carl David, Ph.D. (Wis). American. Department of Chemistry, Washington University, 
St 4 Missouri, U.S.A. Assistant Prof of Chemistry. Signed by: J. Northcott. 

Mrs. Thelma Eskin, M.A. (Queen's). Canadian 801, E. Huron Street, Ann Arbor, Michigan, 
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*Kolb, Kenneth Emil, 5.S. (Louisville). American. 40, Brevoort Road, Columbus 2, Ohio, U.S.A. 
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McEwen, William Edwin, A.B. M.A.. and Ph.D. (Columbia). American. 21-D Sunnyside, The 
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A. P. Wolf. 
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U.S.A. Graduate Student at Columbia Signed by: D. Y.C 

Soffer, ant M.S. and Ph.D. (Cincinnati). 


(List of papers received between April 2Ist and May 17th, 1950.) 


“ Deoxyribonucleosides and related compounds. Part II. A proof of the furanose 
structure of the natural 2-deoxyribonucleosides.’’ By D. M. Brown and B, Lytucor. 

Experiments on the synthesis of purine nucleosides. Part XXVIII. 1:2: 3: 5-Tetra- 
acetyl p-xylofuranose and the p-xylofuranosides of theophylline and adenine.’ By 
P. Cuanc and B. Lyrucor. 

Reactions of organic peroxides. Part II. Reactions of isopropylbenzene hydroperoxide.” 
By E. G. E, Hawkins. 

“The methyl derivatives of 4-hydroxycarbostyril."" By F. Arxnpt, L. Ercrener, and 
O. 

“ A theoretical treatment of the Diels-Alder reaction. Part Il. Polyenes, arylpolyenes, 
and related molecules."" By R. D. Brown. 

Reaction of diacetyl with ethyl orthoformate.’’ By D. A. Harris. 

“ Deoxy-sugars. Part XIII. Some observations on the Feulgen nucleal reaction.” By 
W. G, OVEREND. 

Some reactions of p-tolyl toluene-p-thiolsulphonate.”” By H. T. Hooxway, 

“ The fluorination of organic compounds containing nitrogen."’ By R. N. HAszeLpine. 

Selective oxidations with red lead.” By L. Varcua and M. 


" Steroids and related compounds. Part IX." By B. Excts and V. Perrow. 

“ The preparation of aluminium trilaurate, and the absence of gelling of the compound in 
hydrocarbons."’ By J. Grazer, T. S. McRoperts, and J. H. 

“ The relation between the constitution of arsenicals and their action on cell division.”’ 
By Kove and R. J. Luproxp. 

The conversion of carbamates into dithiocarbamates."" By D. O. HotLanp. 

“ The non-ionic complex compounds of tri-n-propylphosphine with platinic and platinous 
chlorides.” By J. Cuarr. 

The stereochemistry of 10-benzylideneanthrone and By V. M. 
INGRAM. 

“ The absorption of quinine by a carboxylic acid ion-exchange resin."’ By L. Saunpers 
and R. STRIVASTAVA. 

* The Franck-Condon principle and the size of the excited benzene molecule."” By D. P. 
CRAIG. 

Esters containing boron and selenium." By H. G. Coox. J. Inert, B. C. SaunpErs, 
and G. J. Stacey. 

“ Studies on phosphorylation. Part VI. The reaction between organic bases and esters 
of the oxy-acids of phosphorus. An interpretation based on a comparison of certain 
aspects of the chemistry of sulphur and phosphorus.” By V. M. Clark and A. R. 
Topp, 

“ Studies on phosphorylation. Part VII. The action of salts on neutral benzyl esters of 
the oxy-acids of phosphorus. A new method of selective debenzylation.”’ By 
V. M. CrarK and A. R. Topp. 

“ Inflammation of methyl and ethyl nitrate vapours; characteristics of the explosion 
process and intermediate reactions involving nitrogen dioxide."" By P. Gray and 
A. D. Yorrer, 

* The anomalous reactions of Grignard reagents."" By H. J. Sate. 

“ New S-aminoglyoxalines as potential adrenolytic agents."" By H. Bapgr, J. D. Downer, 
and (Mrs.) P. 

* Deoxypentose nucleic acids, Part I. The enzymic degradation of sodium deoxy- 
ribonucleate by deoxyribonuclease."" By W. G. OveREND and M. Were. 

The polysaccharides of carragheen. Part III. Confirmation of the 1 : 3-linkage in 
carragheenin, and the isolation of L-galactose derivatives from a resistant fragment.” 
By R. Jounston and FE. G. Percrvat. 

“ Potential trypanocides of the N-heterocyclic series. Part IV. 9-Benzoyl- and 9: 10- 
dihydro-phenanthridines.”’ By A. G. Catpwett, F.C. Corr, and L. P. WaALLs. 

“ The structure of certain compounds derived from tetrahydrocarbazole.” By S. G. P. 
PLant and Murtet L, 

” The electrochemistry of boron trifluoride co-ordination compounds. Part I. Boron 
trifluoride diethyletherate."" By N. N. Greenwoop, R. L. Martin, and H. J. 

* The reaction of some sulphonazides with pyridine."" By G. L. Bucwanan and R. M. 
LEVINE. 

* Constituents of the seeds of Corchorius olitorius L. Part I. Corchorin, and its identity 
with strophanthidin.” By Gapra Soutman and (in part) WauBA SALen. 

* The associating effect of the hydrogen atom, Part XIV. The structure of diacylamines 
and related substances,” By L. Hunter and N. G. 

“ The reactions of certain epoxides in aqueous solutions."" By W.C. J. Ross, 

“ Ton-exchange and ion-sieve processes in crystalline zeolites."’ By R. M. BARRER. 

” Reactions of ferric chloride with ortho- and para-cresols."’ By K. Bownpen and C. H. 
RERCE. 


‘Some miscellaneous sulphones.”” By K. Bowpen and C. H. Reece. 

Unsaturated lactones and related substances. Introduction."’ By R. P. Linsteap. 

* Unsaturated lactones and related substances. Part I, Unsaturated »lactones from 
keto-acids. The position of the double bond.” By F, A. Kurut, jun., R. P. Linsteap, 
and B, A, ORKIN, 
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“ Unsaturated lactones and related substances. Part I]. The synthesis of aldehydo- 
acids by the Rosenmund reaction.””’ By Wittiam S. Jonnson, R. P. Linsteap, and 
R. R. Wuerstone. 

“Unsaturated lactones and related substances. Part Ill. §-Ketoadipic acid and 
By E1sner, J. A. and R. P. 
INSTEAD. 

“* Unsaturated lactones and related substances. Part IV. Lactonic products derived 
from muconic acid." By J. A. Ervince, R. P. Linsreap, B. A. Orkin, Peter Sims, 
and (in part) Harotp Barr, and Dexter B. Pattison. 

“The third isomeric (cis-trans-)muconic acid.” By J. A. E.vipce, R. P. Linsreap, 
Perer Sims, and (in part) B. A. ORKIN. 

* Acylation reactions catalysed by strong acids. Part I]. ‘ Acetyl perchlorate "’ as a 
C-acetylating agent."" By H. Burton and P. F. G. Pram, 

* The reaction of nickel carbony! with dimethylethynylcarbinol and ésopropenylacetylene."’ 
By Ernest D. BerGMann and EMANUEL ZIMKIN. 

The system oxalic acid-sodium hydroxide-water."" By Witiiam H. H. Norris. 

“ Alicyclic glycols. Part IV. T sulphonyl and methanesulphonyl derivatives 
of cyelohexane-1 3-diol.” By M. F. Clarke and L. N. Owen. 

Alicyclic glycols, Part V. 3-Hydroxymethyleycohexanol.” By M. F. Ciarke and 
L. N. Owen. 

“ The formation of complex fluorides. Part I. The relation between the conductivities 
of boric, arsenious, and antimonic fluorides, and complex formation."’ By A. A, 
Woo tr and N. N. Greenwoop. 

“Studies of the fluorides of niobium, tantalum, tungsten, and rhenium.” By H. J. 
Emeéus and V. GUTMANN. 

“The chemistry of carcinogenic nitrogen-compounds. Part V. Angular hydroxy- 
benzacridines and hydroxydibenzacridines."" By No.Pu. Buu Hoi, 

“ Synthetic polypeptides. Part I. Synthesis of oxazolid-2 : 5-diones, and a new reaction 
of glycine.” By A. C. FaRTHIne. 

** Synthetic polypeptides. Part I]. Properties and an initial study of the polymerisation 
of oxazolid-2 : 5-diones."" By D. Coteman and A, C. FarTHING, 

“ Kinetics of the cyclopentadiene-chloranil reaction. A note on the configuration of 
transition states in diene syntheses."" By W. Rustin and A. WASSERMANN, 

“Studies of gradual transitions in mixed crystals. Part I, The system ammonium 
chloride-ammonium bromide.” By C. J. ManpLeperc and L. A. K. Stavery, 

Organic fluoro-compounds. Part II, The preparation of alkyl 2: 4-dinitrophenyl 
ethers from 1-fluoro-2 : 4-dinitrobenzene."’ By W. B. WHALLEY. 

“‘ Experiments on the interaction of hydroxy-compounds and phosphorus and thionyl 
halides in the absence and in the presence of tertiary bases. Part VIII." By Ww 
Gerrarp, A. NECHVATAL, and Barsara M. WILSON. 

“ The crystal structure of thorium tetrabromide."" By R. W. M. D’Eve. 

Synthetical in the chelidonine—sanguinarine of the alkaloids. Part 
Ill.” By A. S. Battey, Six Ropert Rosiwson, and R. S. Staunton. 

** Synthetic analgesics and related compounds. Part II. Amidines and 4: 5-dihydro- 
glyoxalines."" By WALTER WILson. 

“A study of diazo-compounds using nitrogen isotopes. Part I. The structure of the 
diazonium ion.”’ By P. F. and (Miss) B, 1. Buttock. 

‘' The isolation of uridine and cytidine from yeast ribonucleic acid."" By D. T, Etwore. 

“ The chemistry of fungi. Part XII. The synthesis of 6’ : 7'-dimethoxy-2 : 4-dimethyl- 
chromeno(3’ : 4’-5 : 6)pyranol identical with a derivative of O-dimethylcitromycin.” 
By J. B. D. Mackenzie, ALEXANDER Ropertson, and W. B, WHALLEY. 

* Ultra-violet absorption spectrum and fine structure of 3-h y 2-naphthoic acid 
and related substances.” By Exnst D. Bercmann, Y. Hixswperc, and S. 


PINCHAS. 
* The nitration of 2-hydroxy-4 : 6-dimethylquinoline and the preparation of some related 
compounds."’ By J. L. C. Marais and O. G. Backeperc. 


Organic Part Il. 


WuHaLtey. 
Antibacterial 


fluoro-compounds. 2:4: 6Trinitro-3-h 
new reagent for the characterisation of amines and pyranol bases.”’ By W. B. 


pteridines : 6 : 7-dialky! derivatives of 2 : 4-diaminopteridine.” By N. R. 


Camppect, J. H. Duwsmure, and M. E. H. 


* Chemical actions of ionising radiations on aqueous solutions. Part V. 
of nitrobenzene by free radicals produced by X-rays."’ 


Sretm, and Josern Weiss. 


Hydroxylation 
By Miss H. Logst, Gaprier 


* A conversion of cholest-4-en-3-one into cholesterol."" By Artuur J. Brrcn. 


Synthetic polypeptides. Part III. 


Polymerisation conditions." By D. CoLeman. 


ADDITIONS TO THE LIBRARY. 


1, Donations 

(a) Prom the“ Chemical Trade Journal” 
H.S. American petroleum refining. 
London 1923. pp. xiv + 456. ill, Con- 
stable, 24s. 

Mettow, M. G. Chemical publications : 
their nature and use. 2nd edition. New 
York 1940. pp. xii+ 284. i, McGraw- 


New York 1046. pp. xiii + 540. ill. McGraw- 
Hu. 

Srest, W. Water-supply and sewerage. 
2nd edition. New York 1947. pp. xv + 666. 
il. McGraw-Hill. §6. 

Srrowe, R. K. Chemistry for the executive : 
a layman's guide to chemistry. New York 
1946. pp. vii + 445. ill Reinhold. $96. 

Swinoiw, N. The modern theory and 
practice of pumping: a treatise on the 
application of the Keynolds-Stanton law of 
viscous flow to modern pumping problems 
and the flow of liquids through pipes. London 
1024. pp. 364. i Benn. 425. (Reed. 
24/4/50.) 

(b) Miscellaneous 

Dominton oF. National Research 
Council. Division of Applied Biology. Quar- 
terly Report. Vol. I, etc. Ottawa 1049 +.. 
(Reference) From the Council. 

lopi~e Epvucationat Burxav. 
Iodine and plant life: annotated biblio- 
graphy 1813-—1949 with (a) review of the 
literature. London 1950. pp. xi + 
ill. (Reference) From the Bureau. 

General MeTaLiuRGicat anp CwEmicat, 
Lrp. Modern solvents and chemicals. 4th 
edition. London 1949. pp. 136. (Reference) 
(Loose-leaf file). From the Director. 

New Zeatanp Instirure or Cuemistey. 
Journal. Vol. XII, etc. Wellington 1948 +. 
(Reference ) From the Institute. 


Practvat, E.G.V. Structural carbohydrate 
chemistry. London 1950. pp. viii + 246. 
i. Muller. 25s. 


(Reed. 24/4/50.) 
From the Author. 
Socrért pe Biotocigur. Travaux 
des Membres. Vols. 23—26. Marseille 1941— 
44. (Reference) 
From the Biochemical Society. 


Il. By Purchase 

Barron, H. Modern plastics. 2nd edition. 
London 1949. pp. xx + 779. Chapman & 
Hall. SOs. (Reed. 20/4/50.) 

—— Modern synthetic rubbers. 3rd edition. 
London 1949. pp. xix + 636. ill Chapman 
& Hall. 455. (Reed. 20/4/50.) 

W., and Hocasoom, G. B. Prin- 
ciples of electroplating and electroforming 
(electrotyping). 3rd edition. New York 1949. 
pp. =v +455. ill. McGraw-Hill. $6. 
(Reed. 20/4/50.) 

Broome, D.C. The testing of bituminous 
mixtures. 2nd edition. London 1949. pp. 
viii + 396. ill, Arnold. 40s. (Reed. 20/4/50.) 

Curemicat Inpustaiges. 22nd edition. Lon- 
don 1949. pp. 352. (Reference) Leonard 
Hill. 30s. 

Deere, N. The history of sugar. 2 vols. 
London 1949-50. pp. xiv + 258, xiv, 259-636. 
il. Chapman & Hall. 106s. (Reed. 20/4/50.) 

Escertt, L. and Ricn, S. F. The work 
of the sanitary engineer. (Based on the 
original work by the late A. J. Martin). 
London 1949. pp. xix + 689. ill. Macdonald 
& Evans. 42s. (Recd. 20/4/50.) 

Garpwer, H. A. and Swarp, G. G. 
Physical and chemical examination of paints, 


Gortwer, R. A. Outlines of 
3rd edition. Edited by R. A. Gortwer, jun., 
and W. A. Gortwer. New York 1949. pp. 


86 

§ 
i Hill, $2.76 
Scuocn, E. P., W. A., and Warr, 
{ G. W. General chemistry. 2nd edition. 
| 
| 

varnishes, lacquers, and colors. Ilth edition. 

Bethesda 1950. pp. 653. ill, Henry A. 

Gardner Laboratory Inc. $20. (Reed. 

20/4/50.) 


London 1949. pp. xxi + 573. ill. Murby. 
32s. (Reed. 20/4/50.) 
SCHMIDT, E. Thermod 


Ww. E., 
and nuclear radiations with applications to 
biology and medicine. New York 1949. pp. 


Sit, 


xiii + 653. ill. 
(Reed. 20/4/50.) 

Society ror GerNERAL MickOBIOLOGY. 
Symposium. The nature of the bacterial 
surface. Edited by A. A. Mires and N. W. 
Prem. Oxford 1949 pp. vii+ 179. ill. 
Blackwell. 5s. (Reed. 20/4/50.) 

Turver, R. F. Forensic science and labora- 
tory technics. Springfield, Il 1949. pp. 


McGraw-Hill. $12.50. 


xxv +260. it) Thomas. $650. (Reed. 
20/4/50.) 
W. W., [and others). Manometric 


(Reed. 


laboratory manual. New York 1048. 
viii + 183. i. Prentice-Hall. §3. 
20/4/50.) 

A. Technique of 
organic chemistry edition. Vol. I. 
Parts I and Il, New vert 1949. 
1072; xi, 1073 to 2006. ill. 
$25. (Reed. 3/5/50.) 

P. J., and Weiss, J. H. Coal, coke, 
and coal chemicals. New York 1950. pp. 
ix + 509. ill, McGraw-Hill. $8. (Reed. 
20/4/50.) 


pp. ii + 
Interscience. 


Ill, Pamphlets 

American Society ror Testinc MATERIALS. 
Symposia on insulating oils. Ist—3rd series. 
Philadelphia 1947-49. pp. 48; v + 53. ill. 

Institution or 
Contributions from the Mount Wilson Ob- 
servatory No. 708. Chemical compounds in 
the sun. By H. D. Bapncock. (From 
Astrophys. ., 1945, 108.) 

Jounsow, Matruzy & Co., Lrp. Publica- 
tion No. 1680. Noble metal catalysts. 
London 1950, pp. fii) + 13. ill. 

Peemutir Co, Lrp. Pamphlets on ion 

. Lendon (1950), pp. (60). [(Loose- 
leaf file). [Two copies.) 

Rovat Iwstrrure or Cuemistey. 
tures, Monographs, and Reports 1950, No. 1. 
Report of a symposium on the ee bond. 
25 March 1949. London 1950. pp. ill. 
(Two copies.) 

F. Analytical applications of 
acid and iodic acid and their salts. 
5th edition. Columbus 1950. pp. x + 108, ill. 


t 
87 
xvi + 1078. il Wiley. $7.50. (Reed, 
12/5/50.) 
Hiupircn, T. P. The industrial chemistry 
of the fats and waxes. 3rd edition. London techniques and tissue metabolism. 2nd 
1949. pp. xi + 604. ill. Bailliére, Tindall) edition. Minneapolis 1049. pp. iii + 227. 
& Cox. 27s. 6d. (Reed. 20/4/50.) il. Burgess Publ. Co. $4. (Reed. 20/4/50.) 
R. C. An introduction to mole- 
cular spectra. London 1949. pp. xiii + 206 + 
(xv). i Methuen. 40s. (Reed. 20/4/50.) 
Martin, T. Faraday's discovery of electro- 
magnetic induction. London 1049. pp. 160. 
i. Arnold. 9s. (Reed. 20/4/50.) 
Reimer, M. Deformation and flow: an 
elementary introduction to theoretical rheology 
London 1949. pp. xix + 346. il. H. K. 
Lewis. 32s. 6d. (Reed. 20/4/50.) 
Ricav, A. Elaboracién y refinado del 
aceite de oliva. Barcelona [1948]. pp. 95. 
Libreria Sintes. 20 pesetas. (Reed. 16/5/50.) 
Rostxson, G. W. Soils: their origin, 
from the 3rd German edition by J. Kesrtin. 
Oxford 1949. pp. xx + 532. ill. Oxford 
Univ. Pr. 35s. (Reed. 3/5/50.) 
Sexton, W. A. Chemical constitution and 
biological activity. London 1949. pp. xxi + 


LOCAL REPRESENTATIVES OF THE CHEMICAL SOCIETY. 


Aberdeen. 
Avustraha. 


Thompson, D.Phil, Chemistry Department, 


T. Iredale, D.Sc., F.R.LC., The University, Sydney, Australia. 
L. L. Bircumshaw, M.A., Dm. Department of Chemistry, The University, 
Edgbaston, Burmingham, 15 


F. H. Pollard, B.Sc, Ph.D., ARIC, Chemistry Department, The Univer- 
sity, Woodland Road, Bristol. 

B. Lythgoe, Ph.D., Organic Chemistry Department, The University, 
Cambmnndge. 


Ltd, 496, Queen Street East, Toronto, 2, Canada. 

M. U. S. Sultanbawa, BSc, A.R.LC., Department of Chemistry, The 
University, Colombo, Ceylon. 


N. D.Se., Ph.D., West 
| Chemistry Department, King’s Buildings 


PhD., ARCS, F.R.LC., of Washing- 
ton Singer Labor atories, Prince of Wales’ Road, E 


M.Sc., Ph.D., Chemistry Department, The University, 
Se.D., Ph.D., F.R.LC., University College, Hull. 


Sir Shanti S. Bhatnagar, O.B.E., D.Sc, F.R.S., Council of Scientific and 
Industrial Research, New Delhi, India. 

Vv. C. Barry, D.Se., F.R.LC., Chemistry Department, University College, 
Upper Merrion Street, Dublin. 


P. A. Briscoe, aes. A.R.LC., Organic Chemistry Department, The 
University, Leeds, 2 


W. B. Whal BSc, Ph.D., F.R.LC., Organic Chemistry Department, 
The University, Liverpool. 


L. A. Haddock, MSc. F.R.L.C., Imperial Chemical Industries, Ltd, 
Research Department, Widnes Laboratory, Widnes. 


G. R. Barker, BSc, Ph.D. Chemistry Department, The University, 
13. 


M T. Rogers, B.Sc, Ph.D., A.R.1C., Imperial Chemica! Industries, 
Ltd, Hexagon House, Blackley, Manchester. 


P. L. Robinson, D.Sc., F_R.LC., Chemistry Department, King’s College, 
Newcastle-on-Tyne 


Professor F. G. Soper, C.B.E., D Se., Ph.D., F_R.LC., University of Otago, 
Dunedin, New Zealand 


H. Graham, D.Sc., A.R.LC., 26, Malone Hill Park, Belfast. 


W. Rogie A M.A., D.Se., Ph_D., F.R.LC., Department of Chemistry, 
University ‘ollege of North Wales, Bangor, 

D. O. Jordan, MSc., Ph.D, A.R.LC., The University, University Park, 
Nottingham. 

L. E. Sutton, M.A., D.Phil., F.R.S., Magdalen College, Oxford. 


M. 1. D. Chughtai, M.Sc. Tech., Ph.D., A.R.LC., Punjab University Institute 
of Chemistry, The Mall, Lahore, Pakistan. 


H. T. Openshaw, M.A., D.Phil., Chemistry Department, United College, 
St. Andrews 


A. H. Lamberton, B.Sc. Ph.D., Chemistry Department, The University, 
10 


Professor W. Pugh, Ph.D., B.Sc., F.R.1L.C., Chemistry Department, Univer- 
sity of Cape Town, Rondebosch, S. Africa 


K. R. Webb, B.Se., Ph.D., A.R.LC., University College, Southampton. 


Professor C. W. Shoppee, Ph.D., D.Sc., D.Phil., A-R.C.S., F.R.LC., Univer- 
sity College, Singleton Park, Swansea. 


Cambridge. 
Canada. 
Ceylon. 
Glasgow. 
Hull. 
India 
Leeds. 
Liverpool. 
| 
| 
Durham. 
| 
Northern Ireland, 
North Wales. 
Osford 
. | 
Dundee 
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M&B LABORATORY CHEMICALS 
IN THE SERVICE OF EDUCATION 


for the scientists of the future and as centres of research in 
every branch of scientific development, the Universities have 
been quick to recognise the value of the M&B range of 
Laboratory Chemicals. 

The specifications to which these chemicals are 
manufactured have been selected to allow wide application 
to the needs of University Laboratory practice. They have 
consequently been found suitable not only for normal 
undergraduate training, but also for the more exacting 
demands of post-graduate work. 

A complete brochure of specifications will be sent on 
request. 


‘e Of unsurpassed importance, both as training grounds 
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NEW TEST PAPERS OF 
OUTSTANDING UTILITY 


JOHNSON 


UNIVERSAL 
TEST PAPER 


(to within 0.3 pH) there are the new 
JOHNSON COMPARATOR TEST 
PAPERS. Theseare made in four sepa- 


rate indicator groups —— pH 36 
to 5.1, 5.2 to 6.7, 6.8 to 8.3, and 8.4 to 10. 


| 


Le covers the complete range from pH | 
(strongly acid) to pH 10 (strongly alka- 
line). Ten colour matches are printed 
CHEMICAL DURABILITY inside the books. The colour produced 
a by wetting can be matched against 
these standards when the exact pH valve 
will be ascertained to within 0.5 pH. 
For work requiring still greater accuracy 
Descriptive 
be sent free on request 
JOHNSONS OF HENDON LTD. 
PYREX Brand Scientific Glassware LONDON, N.W.4 
has 0 co-efficient of expansion of 32 « 10-*, 
which means that i is simost immune to 
breakage due to sudden temperature changes. 
Due of expansion, the 
| 
er resistance 
everyday handling. 
of Glassware also highly 
y except hydrofivoric and B. BLACK & SON, LTD. 
180, Goswell Road, London, E.C.i. 
ry requrement of works | 
and ten free conics of 
QUARTZ Hg. ARCS 
j and DISCHARGE LAMPS 
The U.V.S.s00', Mustrated, is one of 
: the range of Hanovia mercury arc and 
NG discharge lamps made tor laboratory 
rd lassware and technical use. The arc lamps 
all Hg. lines im the ultra 
violet and visible spectrum and serve 
Wear Glass Works, Sunderiand. as matic source for 2.557 A.U. 
HANOVIA LTD. Stough 
Showrooms 3 Victoria St. Landen, S.W | 
Catalogue free om request. ] 
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THE POLYTECHNIC 


309 REGENT STREET, LONDON, W.1. 
DEPARTMENT OF CHEMISTRY AND BIOLOGY 


Head of Department: H. LAMBOURNE, M.A., M.Sc., F.R.1.C. 


The Session 1950-5! (Day) will commence on the !9th 
September. There will be FULL-TIME DAY 
COURSES for the following examinations : 
INTERMEDIATE SCIENCE, BSc. GENERAL 
BSc. SPECIAL CHEMISTRY, BOTANY, ZOOLOCY, 
AR.LC. 
Botany and Zoology may be taken with Chemistry for the B.Sc. General Degree, or 
one of them as a subsidiary subject to the B.Sc. Special Degree. 


New students will be enrolled on September 20th, 6-8 p.m. 
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Pyrolysis of the Six Perhydrodiphenic Acids. Limitations of the 
Blanc Rule. 

By Secey B. Davis, W. E. Dorrie, Panir Levive, and R. P. Linsreap. 


All six of the stereoisomeric perhydrodiphenic pyroketones (per 
nn llamar maser The bearing of this on work on steroid oxidation products 


WHEN ring 8 of the steroid skeleton is opened, dibasic acids can be obtained which are of the 
perhydrodiphenic acid type. Although 1 : 6-dicarboxylic acids, some compounds of this class 
have failed to give pyroketones under Blanc’s conditions (Compt. rend., 1907, 144, 1356) or 
under similar experimental treatment. This anomaly at one time led to the erroneous 
formulation of ring 8 as five-membered (Windaus and Dalmer, Ber., 1919, 52, 162; Wieland and 
Weyland, Z. physiol. Chem., 1920, 110, 123). Later, when it became clear for other reasons 
that the ring was six-membered, Wieland and Dane (ibid., 1932, 210, 268) suggested that the 
tule that adipic acids give pyroketones was limited to acyclic and monocyclic acids and failed 
with perhydrodiphenic acids. Ruzicka (Helv. Chim. Acta, 1933, 16, 216) expressed the view 
that the steroid perhydrodiphenic acids failed to give ketones because they contained at least 
one trans-linkage. 


Investigations of the model compounds, the perhydrodiphenic acids themselves, have been 
made by Vocke (Annalen, 1934, 508, 1), Hickel (addendum to Vocke’s paper), and Linstead and 
Walpole (J., 1939, 850). 

The interpretation of this early work was somewhat complicated by the incorrect assignment 
of the perhydrodiphenic structure to two acids. We refer to this matter later. However, the 
subject has been placed on a firm basis by the isolation and interrelation of all six stereoisomeric 
forms of perhydrodiphenic acid (Linstead and Doering, J. Amer. Chem. Soc., 1942, 64, 1991), 
and against this background it is possible to summarise the early results. Three isomeric acids 
are relevant, those of m. p. 244° (now 247°), 273° (now 289°), and 220° (now 223°), described by 
Vocke, Hiickel, and Linstead and Walpole, respectively. We now know all these to be 
perhydrodiphenic acids with the configurations. trans-anti-trans, cis-syn-cis, and trans-syn- 
trans respectively. All give pyroketones. 

The isolation of the remainder of the possible stereoisomeric forms of the acid and the proof 
of their configuration (Linstead and Doering, Joc. cit.; Linstead, Davis, and Whetstone, ibid, 
p. 2009; Davis and Linstead, following paper) have enabled us to complete the investigation. 

We can now report that all six acids readily yield pyroketones. The same ketonic product 
is obtained from the three acids of the syn-series: cis-syn-cis (m. p. 289°), cis-syn-trans (m. p. 
200°), and frans-syn-trans (m. p. 223°). It is, not unexpectedly, a mixture of two (perhaps 
three) of the possible syn-ketones (I), i.¢. cis-cis, cis-trans, or trans-trans. It gives a mixture of 
oximes and a semicarbazone which is difficult to obtain homogeneous. The oximes are sensitive 
to light and heat. Careful crystallisation of the original mixture in a dark room gives a 
homogeneous syn-oxime, m. p. 173°, already isolated by Hiickel (loc. cit.), but when this is 
heated or left in daylight, either in the solid state or in solution, the melting point falls and 
from the product a second form, m. p. 152—154°, can be isolated by crystallisation. This 


(IL) 


change is very likely caused by an inversion of configuration of the ring involving hydrogen 
migration from a bridgehead, but cis-trans isomerism about the carbon-nitrogen double bond 
cannot be excluded. 


Mareasd U versity mainly in 1941. Publ been greatly delayed from a > 
does not dea! directly with the topic of catalytic hydrogenation. Hoverthalens best 

oe to this series as it is concerned with the same compounds. R. PLL. 


|_| 


1424 The Stereochemistry of Catalytic Hydrogenation. Part VIII. 


The three acids of the anti-series (cis-anti-cis, m. p. 198° ; cis-anti-trens, m. p. 206°; trans- 
a@nts-trans, m, p. 247°) all give the same mixture of anti-perhydroft (II), characterised 

These ketonisations thus proceed in the expected way ; there is an inversion of configuration 
at the «- but not at the 6-carbon atom. The inversion may precede ketonisation for it has been 
shown that the acids of the syn-series are iabile to heat. Thus the acid recovered (as anhydride) 
from the pyrolysis of both the cis-syn-cis- and the cis-syn-trans-isomerides was largely the 
trans-syn-trans-form. When either the cis-syn-cts- or the trans-syn-trans-acid was heated in an 
inert solvent at 243° there was formed a mixture mainly consisting of trans-syn-trans- with a 
small amount of cis-syn-trans-acid. The occurrence and the direction of these changes are 
fully as expected and fall into line with previous work on the relative stability of the syn-acids 
to reagents. 

Although therefore the six authentic perhydrodiphenic acids all yield pyroketones, two other 
acids which have previously been assigned this constitution do not. These are the acid, m. p. 
203", of Linstead and Walpole (loc. et.) and that, m. p. 213°, reported by Vocke (loc. e#t.). 
Neither of these can be a perhydrodiphenic acid and their behaviour on pyrolysis is therefore 
not material to the present paper. Their probable constitutions have been discussed by 
Linstead and Doering (oc. cit.). 

To revert to the central point of this work: As all the configurational forms of perhydro- 
diphenic acid give pyroketones, the abnormality of the steroid oxidation products is not caused 
by their being perhydrodiphenic acids, as suggested by Wieland, or by their having a frans- 
link, a8 proposed by Ruzicka. We think it probable that the difference between the perhydro- 
diphenic and the bilianic acids is one of degree and not of kind, and that the failure of the 
steroid acids to ketonise was caused by insufficiently drastic experimental conditions. It is 
well known that there is a good deal of variation in the conditions, particularly the temperature, 
under which different adipic acids yield ketones. For examples, it has been shown by Stange 
(2. physiol. Chom., 1933, 218, 74) that an acid of this type which failed to cyclise under Blanc’s 
conditions gave a pyroketone when its barium salt was heated to 390°.* 

The conditions under which the perhydrodiphenic acids give ketones are described in the 
Experimental section. In no case was drastic treatment necessary, pyrolysis of the acid or 
anhydride at 310° or less being sufficient. 


EXPERIMENTAL. 


-cle- Acid (compare Hickel, Linstead, and Walpole, joce. cif.).—The acid (m. 288289" ; 

500 me.) was heated for 2 hours at about 310° in a stream of dry nitrogen. The nearly cciubtiees product 
was extracted with ether. From this solution aqueous sodium hydroxide extracted 50 mg. of a mixture 
¢ ackis. The residue from the ether was then freed from anhydride by boiling 10%, aqueous sodium 

hydroxide. This alkaline extract on fractional acidification (Linstead and Doering, joc. eit.) yielded 

ma. of fairly pure trans-sym frans-acid. The neutral ketonic fraction (150 mg.) was converted into the 
oxime (120 mg) in the osual way. Io a larger preparative experiment, the yield of mixed oxime was 
S01 ¢. trom #665 g. of acid (784) 

The ketone was also prepared by ay dry sodium salt of the cis-syn-cis-acid with acetic 
anhydride (Perkin and Tharpe, 1004, 86, 128) te carbon dioxide was swept out with dry nitrogen 
and weighed. Most was evolv between 130° and 140°. The yield of oxime was 1-36 g. from 5-43 ¢. of 
A similar mixture of oximes was obtained by both methods, melting mainly in the range 


Te obtain the oxime (needles, m. p. 172-6—174") described by Hiickel § crystallisations from 
95% aleochol in a darkened room were necessary. The m. p. of this material fell when it was kept dry 
oF in solution, particularly in light. A similar change was effected more quickly by heating the oxime 
or by treating it with sodium ethoxide. Crystallisations had to be carried out rapidly 

Oxime melting in the range 160—170° was kept for some weeks and then hydrolysed and the ketone 
reconverted into the oxime. Careful crystallisation from light petroleum yielded a second syn-perhydro- 
fluorenone oxime, m. p. 1592-61545", which appeared to be nearly homogeneous 

rac. -cis-syn-trans- Acid —-This acid im p. 195-200"; 250 mg.) was heated in nitrogen for | hour at 
310°. The product was separated as described above into free acid (15 mg.), anhydride (yielding 10 mg. 
of an acid (mainly trens-cyn-trans), and ketone (120 mg.). The ketone gave 100 mg. of a mixture of 
oximes, m. p. (crude) about 140-150". Two crystallisations from methanol gave fine needles, m. p. 
159164", which did not depress the m. p. of the oxime of similar m. p. prepared from the cis- 
acid. It was also indistinguishable from oxime prepared from Jevo-cis-syn-trans-acid (see 


paper) 


® Aliphatic acids not an e-hydrogen atom fail to yield a This seems a 
wg ea the mechanism of the reaction (see and Paschke, 


q 

q 

| 
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The semicarbazone of the syn-series (m. 
Thermal Inversion of syn-Acids —(i) cis-syn-cis-Perhydrodiphenic acid (1 g.) was boiled under refiux 


separated and me The anhydride mixture of anti-acids, m. P- 
75—195" ydrofluorenone mg.) melted at 
tion from 96% alcohol yielded 16-2 mg., m. p. 2144-224" (bath at 215"), A 

acid melted at 


prepared 
and a mixture at the same temperature. 


226° (bath at 215° 

cis-anti-trans-Acid.—This rare acid (42 mg.; m. p. 
in a stream of nitrogen. The product was worked up in the , scarbazone 
214-—-218° after one crystallisation and at 217-—220° in admixture that described above. 

(m. 223°) have been described by Linstead doc. ott.). of the 
and the destro-trans-anti-trans-acid are recorded in the feclee 

A number of ts have been made with the object of h regmneting Suorenane or 0 henahydro- 
fluorenone to ydrofiuorenone which could be 
acide. These have failed because of 
conditions necessary for perhydrogenation. 


We are indebted to Miss Elizabeth J. Cots and te Leonard Spector of 
Harvard University for assistance in the experimental work. 
Harvarp University, Mass. 
Cottece or Sciznce anp TecuNotocy, 
S. Kensincton, Lonpow, $.W.7. (Received, January Sth, 1950.) 


293. The Stereochemistry of Catalytic Hydrogenation. Part IX. Con- 
firmatory Evidence of the Configurations of the Perhydrodiphenic 
— By Setsy B. Davis and R. P. Linsreap. 


t opticall ive trans-anti-trans-perhydrodiphenic 

and 


ions of the Backbone.—In the third paper of this series, Linstead 
and Doering (J. Amer. Chem. Soc., 1942, 64, 2003) proved that, of the six known perhydro- 
diphenic acids (Linstead and Doering, ibid., p. 1991), those of melting points 289°, 200° 
223° formed the syn- and those of melting points 198°, 206°, and 247° formed the anti-series. 
different met 


The molecular 
anti-series involves both the «- and the §-carbon atoms, 
(the only active isomeride of the syn-series) involves only the a-carbon atoms. It follows that 
the optical activity of the acids of the anti-series should survive pyrolysis to tricyclic ketones, 


for 2 hours in 1-methylnaphthalene (5 ¢.c.). The product was freed from a little unchanged es __. 
by extraction with ether and dissolved in alka. [t was then submitted to the usual process of fractional 
acidification and crystallisation from acetic acid. Pure trans-syn-trans- and impure cis-syn-trans-acids 
were wolated. 

(ii) -trans-Acid (300 mg.) was treated similarly for 10 hours. Again, pure fans-cye-trans- 
im. p. and On. p. 189—193") were isolated from the product. The 
proportion of c#s-trans-material in these mixtures is of the order of 20% . 

The hexahydrodiphenic acid of m. p. 221° yields trans-hexahydrophthalic acid on 
ozonisation. This confirms the and the esigned to the terminal 
members of the syn-series of perhydrodiphenic acids. 

Doering, Levine, and Linstead) that all six 

on pyrolysis. The acids of the syn-series 

give a syn-ketone and those of the anti-series an anti-ketone. As the configuration of the 

backbone is preserved, there can be no migration of hydrogen from the §-carbon atoms. On 

the other hand, the a-carbon atoms are so involved because, in each series, essentially the same 
mixture of ketones is obtained from al! three acids. 

Optically active perhydrodiphenic acids are now available in both the syn- and the anti- 
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whereas racemisation should occur during the pyrolysis of the active acid of the syn-series. 
This is illustrated in the diagram. 


trams trans 
Pormule with dots, as shown ae, Qe ee form of a 
dissymmetric molecule. The levo-form in terms of this 


convention by the formula - 


On COM 


We have studied the pyrolysis of the optically active forms of the perhydrodiphenic acids of 
m. p. 200° (cis-syn-trans) and 247° (trans-anti-trans) (Linstead and Doering, loc. cit.). The 
ketone obtained from the first acid was optically inactive and yielded an optically inactive 
mixture of oximes, identical with that obtained from the racemic cis-syn-trans-acid (Davis, 
Doering, Levine, and Linstead, preceding paper). On the other hand the ketone obtained from 
the active trans-anti-trans-acid, after removal of unchanged acid and anhydride, was strongly 
levorotatory — 130°) and yielded an optically active semicarbazone. 

These results conclusively prove that the acid of m. p. 200° belongs to the syn-, and that of 
m, p. 247° to the enfi-series, in agreement with the configurations assigned by Linstead and 
Doering (loc. eit.). The absence of racemisation of the anti-acid shows conclusively that the 
§-carbon atoms are not involved in pyrolyses of acids of the adipic acid series. 

cis- and trans-Configurations in the syn-Series.—Linstead, Davis, and Whetstone (J. Amer. 
Chem. Soc., 1942, 64, 2009) assigned the cis-cis-configuration to the syn-perhydrodiphenic acid 
of m. p. 280°. The evidence was in brief: (i) The acid was symmetrical, with similar 
configurations of the two carboxyl groups. (ii) It was formed by the catalytic hydrogenation 
of a hexahydrodiphenic acid of m. p. 242°; this hexahydro-acid had a cis-configuration because 
it could be ozonised to cis-hexahydrophthalic acid. 

In view of the key position of this ozonisation in the general determination of configurations 
in this group, we thought it advisable to carry out a control series of experiments in the trans- 
seria. The geometrical! isomeride of the hexahydro-acid of m. p. 242° melts at 221° and gives 
cis-syn-trans-perhydrodiphenic acid on catalytic hydrogenation (Linstead and Davis, sid., 
p. 2006). We now find that ozonisation of the latter hexahydro-acid followed by treatment 
with hydrogen peroxide yields trans-hexahydrophthalic acid, identified by comparison with 
authentic material and by conversion into the known frans-dianilide. The ozonisation of the 
acid, m. p. 221°, thus yields results fully consistent with the previous findings and provides 
additional evidence for the configurations assigned to the two hexahydrodiphenic acids, m. p.s 
242° (cis) and 221° (trans). These deductions are based on the assumption that, as we think 
highly probable, there is no inversion of configuration during ozonisation. 

During the preparation of (+ )-trans-hexahydrophthalic acid for comparison with the 
oronisation product, it was observed that the melting point of this well-known compound is 
considerably depressed by the presence of small amounts of impurities, and that the values 
recorded in the literature are too low, For the inactive trans-acid, von Baeyer (Annalen, 1890, 
258, 145) gave m. p. 215-221", Hiickel and Goth (Ber., 1925, 58, 447) 215-216", and Vavon and 
Peignier (Bull, Soc. chim., 1929, 46, 203) 213-—218°. An acid melting in this range is, indeed, 
easily obtained, but on further crystallisation from water it attains a constant melting point of 
227.229" (corr.). The melting point is affected to some extent by the rate of heating, but this 
is leas true of the pure acid. 

EXPERIMENTAL. 
(All m. p.s are corrected. Analyses are by Miss Eleanor Werbile.) 

Ketonisation of \wvo-cis-syn-trans-Perhydrodiphenic Acid.—-The acid used had been prepared 
Dr. W. E. Doering (/. Amer, Chem. 1942, 64, 2003). It had m. p. 171—174", —75° lc, 1; in 
alcoho! containing 5° of water). 250 Mg were heated for 1 hour at 310° in nitrogen. product was 
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removed from the reaction vessel with ether and the ether extracted with 5% aqueous sodium hydroxide 
Sticky gum. The ethereal extract on evaporation gave Without removal 
of any anhydride present the oil was dissolved in 6 cc. of . The solution gave no observable 
rotation tn a 2-dm. tube. The main portion of the alcohol was removed and the ketone converted into 
2 crystallisations from methanol it formed fine m. p. 150-165", [a] O° + 1° (c, 1; im aleohol 
bean prepared from the 
racemic cis-syn-trans-acid and similarly 

resolution with ephedrine, Slinger (Linstead Doering, loc. cit). It m. p. > 
45 minutes at 300—320°. oily product was extracted with ether and the residue after removal of 
the ether was warmed for 15 minutes with 3 c.c. of 20%, methyl-alcoholic potassium hydroxide. This 
served to hydrolyse any anhydride present. The solution was evaporated to dryness, and the residue 

in a little water and extracted thrice with ether. The ethereal extract was dried MgSO») 
the solvent removed. The residual (83 me). —130° + 0 
(ce, 2; im 95% alcohol), was a pale yellow oil with pleasant ketones of the 
group. 

The active (about mg.) in of 80% aqueous alcohol was heated on 
the steam-bath for 40 minutes with sodium acetate ( 
The product was cooled in ice, but only a trace of semicarbazone separated. Further quantities of 
mixture was heated for a further 7 hours. 

ing in ice then precipitated 42 mg. of the semicarbazone of the lavo-ketone. Recrystallisation from 
(aif —20° + 4° (c, 025; im 05% alcohol). The substance is sparingly soluble in cold 4+ alcoho! , 
a oh ee could not be — at room tem ture (Found. C, 67-4, 67-45; H, 00, 89. 
C,,HyON, requires C, 67-4; H, The general resembles correponding 
racemate obtained by Vocke (An , 1934, 508, 1) and by and Walpole (/., 1939, , 
melts at 216—217°. 

Osonisation of trans-Hesahydrodiphenic Acid.—A stream of ozonised oxygen was led for 4 hours 
through « solution of the acid (/. Amer. Chem. Soc., 1942, 64, 2006) (1.00 6; m. p. 220°) in 20 o.c, of 
warm glacial acetic acid. The product was left overnight with 50 c.c of 8% ydrogen peroxide and then 
evaporated to dryness on the steam-bath in a current of air. The dry ue was taken up in 15 c.c. of 
10% aqueous sodium carbonate, and the solution extracted with ether and submitted to fractional 
acidification by Linstead and Doering’s method (Joc. cit.). The first materia! to separate was unchanged 
trans-hexahydrodiphenic acid (274 =. Subsequent addition of a total of 6 c.c. of concentrated 
hydrochloric acid caused — jon only of a little tar Sn amy solution was accordingly extracted 
with ether. This yielded mg. of a mixture of acids wanes we wing, pond 
acid see trans-hexahydrophthalic acid (71 mg.; 14% calc. on the ao rye consumed). 
The hexahydrophthalic acid so obtained was not quite pure: it melted at 210-—214° alone and at 
211—215° im admixture with authentic acid. For further identification it was converted into the 
dianilide. The acid (25 mg.) was dissolved in 2 c.c. of dry ether containing 63 mg. of phosphorus 

tachloride. After 20 minutes the solvent was removed and the vessel evacuated. The residue was 
eated with aniline (60 mg.) in ether. The solvent was removed and the dianilide crystallined twice 
from glacial acetic acid, forming needles ©, 744; H, 66. Cale. for 
N,: C, 745; H, 60%), m. p. 317-—318° or admixed with authentic frans-dianilide. 
These m p.s were obtained by the use of a block preheated to 260°. When the capillary was heated 

1932, 413). 

(+)-trans-Hexahydrophthalic Acid.—The acid was prepared by the inversion and bytoviyate of 
methy! (cf. Hickel and Goth, loc. cit.). The ester was boiled for 5 hours with 
an excess of 20° eer npr merges hydroxide, and the acid isolated by acidification after 
the removal! of methanol in the way. The overall ne of crude trans-acid, m. p. 195-—214", was 
1-00 g. from 2-25 g. of cis-acid. Four successive a isations from the minimum amount of water 
the following 1-51 g., m. p. 200-217"; 123 ¢., 215-222"; 0-86 m. p. 227— 

227—229°. These m. p.s were use of a bath preheated to zoo! Pure 
trans: hexahydrophthalic acid (m. p. forms , thick priems (Found: C, 560; 
H, 7-25. Cale. for C,H,,0,: C, 56-8; H, 7.0%). The anhydride, from the pure acid and ecetyi 
chloride, meits at 143-6144" (lit., 140°) and dianilide at 317-—-318° (see above). The dianilide 
Sang (18 hours) with 80% acetic acid, in agreement with Stoermer 
and Stein (lee. ctt.). 

University, Cameripos, Mass. 

Cottece or anp 

S. Lowpon, $.W.7. (Reevived, January Gih, 1950.) 
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294. The Stereochemistry of Catalytic Hydrogenation. Part X. The 
Hydrogenation of trans-as-Octahydrophenanthrene Derivatives. A New 
Form of the Perhydrophenanthrene Ring and a Model for the Inversion 


of the 6-Keto-ateroids. 
By R. P. Lawsteap and Ricuarp R. Wuerstors. 
the tw tion, over of died. formed and of 


that the results coaform to the principles of one-sided addition and of catalyst 
hindrance already enunciated. 


now 

alcohols have been isolated. 

In a previous paper (Linstead, Whetstone, and Levine, J. Amer. Chem. Soc., 1942, 64, 2014) 
it was shown that classical stereochemistry allowed for the existence of six perhydrophen- 
anthrenes, eight inactive ketones with a carbonyl group on C,,,, and sixteen inactive alcohols 
derived from them. Three of the possible ketones and four of the alcohols were described and 
the configurations of these ketones and of all but one of the alcohols were proved. 

In the present paper the further investigation of this group is described and the isolation 
of two more stereotsomeric ketones and of five more alcohols is reported, together with the proof 
of their configurations. 

Our earlier work had involved the hydrogenation of 9-phenanthrol, of cis-9-keto-as-octa- 
hydrophenanthrene, and of derived alcohols. We have now taken up the study of the corre- 
sponding octahydro-compounds of the trans-series. The parent ketone (I) (Cook ef al, /., 


f 
$3 Ov, 


-frans-, 
m. p. 132°, 60%, 


() 


OH 
Two epimers. 


1936, 71; 1939, 168; Linstead, Whetstone, and Levine, joc. cit.) undoubtedly contains a trans- 
locking of the rings, the c:s-configuration of its stereoisomeride having been proved conclusively 
in our earlier work. It will be noted, moreover, that the further hydrogenation of the trans- 
octahydro-ketone invariably produces material for which one frans-junction can be independently 
established. The substances hydrogenated were the frans-octahydro-ketone, m. p. 96°, and 
the two derived epimeric secondary alcohols (II), m. p.s 91° and 101°, described in our previous 
paper. Hydrogenations, which were carried out with Adams's platinum oxide, were more 
difficult than in the cis-series. No reaction occurred in alcohol alone but in the presence of a 
little acetic acid reduction was smooth and there was little formation of hydrocarbon. The 
same product was obtained from all three starting materials. It was a mixture of two per- 


oxidation with chromic acid Coftesponding on 
followed by ozonisation gives cis-syn-trans-perhydrodiphenic acid. As the corresponding 
series. 
trans-ketone, readily inverted to the known trans-anti-trans-ketone, thus proving the structure 
C 
: 
{ 
trans 
| 4 
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, which have been proved to have the cfs-anfi-frans- (IIT) and cis-syn- 


the same melting point but a mixture melted some 25° 
lower. Their separation was not easy (see Experimental section) bat prior oxidation to the 
corresponding ketones was helpful as a convenient separation of the two series through the 
oximes was 
Oxidation of the cis-syn-trans-alcohol ¢ (TV) gave cis-syn-trans-9-Aefoperhydrophenanthrene 
(V), m. p. 72° (oxime, m. p. 206°). Reduction of this ketone with sodium in moist ether re-formed 
the cis-syn-trans-alcohol, m. p. 132°, whereas catalytic hydrogenation slowly yielded an epimer, 
m. p. 77°. The determination of configuration of these materials was difficult. No perhydro- 
diphenic acid could be isolated by nitric acid oxidation and attempts to convert the ketone 
into a 9: 10-quinone by means of selenium dioxide or isoamy! nitrite were abortive. However 
the perhydro-alcohol, m. p. 132°, was dehydrated to an olefin which on ozonisation yielded 
the cis-syn-trans-perhydrodiphenic acid (VI) of Linstead and Doering (J. Amer, Chem. Soe., 
1942, 64, 1991). This means that the new ketone and alcohol must belong to either the cis- 
syn-trans- (V) or the trans-syn-cts-series (VII). (The first prefix is by convention assigned to 


com 


(¥.), m. p 72° (V1) m. p. 67° 
the configuration of the ring locking adjacent to the functional group.) But Linstead, Whetstone, 
and Levine (loc. cit.) have already isolated the trans-syn-cis-ketone (VII). Its stracture is 
certain because (a) it yields the acid (VI) on oxidation and (6) it is formed by the inversion at 
the bridgehead next to C,, of a ketone known to have the cis-syn-cis-configuration. Hence the 
new compounds belong to the cis-syn-trans-series (V). 

It is an interesting fact that the new ketone (V) is not inverted in configuration wader the 
conditions which customarily convert cyclohexane ketones with a carbonyl group next to a 
cis-bridgehead into their frans-isomerides, for example cis- into trans-a-decalone and ¢is-syn- 
cis-9-ketoperh ydroph th into the trans-syn-cis-isomeride (VII). However, it would 
appear from Stuart models that the trans-syn-trans-ring system [which would be formed by the 
inversion of (V)) may be less stable than the cis-syn-trans-system. This illustrates the danger 
of argument by analogy in this field, and the need for the determination of configuration by 
unequivocal methods. 

The second substance formed in the catalytic hydrogenation of ftrans-9-keto-es-octa- 
threne and its derived alcohols was a perky 

acid 


hydrogenation of which re-formed the parent R 
yielded an unstable orwne, m. p. 140°, which on acid hydrolysis yielded an isomeric, stable 
ketone, m. p. 47° (oxime, m. p. 233°). Isomerisation of the ketone of m. p. 54° into that of 
m. p. 47° could also be effected with alcoholic alkali. The inverted ketone, m. p, 47°, was 
identified by mixed melting point determinations of both ketone and oxime with the 9-keto- 
perhydrophenanthrene (“Form 3") made by Linstead and Walpole (lec. cit.) from Rapson 
and Robinson’s unsaturated ketone (/., 1935, 1285}. This substance undoubtedly bas the 
trans-anti-trans-configuration (VIII): it can be oxidised to trans-anti-trans-perhydrodiphenic 
acid (Linstead and Walpole, /., 1930, 850; Linstead and Doering, /. Amer. Chem. Soc., 1942, 
64, 2003; Linstead, Davis, and Whetstone, idid., p. 2009). It follows with certainty that the 
new ketone, m. p. 54°, has the cis-anti-trans-configuration (1X) and so does the parent alcohol 
(II). They are the first derivatives of this form of the perhydrophenanthrene ring to have been 
made. Derivatives of four (cis-syn-cis, cis-sym-trans, cis-anti-trans, trans-anti-trans) of the six 
basic types are now known. 

Catalytic hydrogenation of the ketone, m. p. 47°, gave a new trans-anti-trans-perhydro-¥- 
phenanthol, m. p. 80°, whereas alkaline reduction gave the epimer, m. p. 119°, already reported 
by Linstead and Walpole (loc. cit.). 


(1950) 
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The preparation and inversion of the (1X) is noteworthy for three 
reasons. First, the inversion of cis-frans- to trans-trans-form occurs in the anfi- but not in the 


au —> cre <— Independent synthesis 


) 
(TX) (VITL.) 
mp m. p. 47° 


syn-series. Secondly, the cis-anti-trans-arrangement of the perhydrophenanthrene ring is 
that which is present in the normal series of steroids, i.«., that including 5-isoandrostane, 
pregnane, cholanic acid, coprostane, and their derivatives (X). Thirdly, the inversion of the 


© These dots represent methy! groups above the rings. 


(X.) 


cis-anti-trans- to the trans-anti-trans-configuration, now established (IX ——> VIII), is parallel 
to those observed in analogous steroid structures, for example, the change of 3 : 6-diketocholanic 
acid (from hyodeoxycholic acid) into 3: 6-diketoa/ocholanic acid (Windaus, Annalen, 1926, 
47, 263). The inversion of cis-anti-trans- to trans-anti-trans-9-ketoperhydrophenanthrene 
provides a much safer model for the changes of 6-keto-steroids than does that (css- to frans-a- 
decalone) previously used. 

It has also been possible to study one other aspect of the syn-perhydrophenanthrol series. 
In our previous work we had identified with certainty one cis-syn-cis-alcohol, m. p. 111°, and 
one trans-syn-cis-alcohol, m. p. 89°. There was in addition an alcohol of m. p. 67°, prepared 
by Marvel and White (/. Amer. Chem. Soc., 1940, 62, 2739) by the reduction of 9-phenanthrol 
over nickel, Oxidation of this alcohol with hot chromic acid had given a 9-ketoperhydro- 
phenanthrene, m. p. 57°, doubtless identical with the trans-syn-cis-ketone of the same melting 
point which we had prepared by another method. This means that the alcohol of m. p. 67° 
is an epimer of either the known cis-syn-cts- or the trans-syn-cis-alcohol. If it is a cis-syn-cis- 
compound the oxidation to the ketone must have been accompanied by inversion. This is 
quite feasible; we have observed the same thing in the oxidation of the cis-syn-cis-aleohol, 
m. p. 111°, with hot chromic acid. 

We have now reduced our trans-syn-cts-9-ketoperhydrophenanthrene with sodium in alcohol 
to a new &-perhydrophenanthrol, m. p. 100°. This must be the missing epimer of the frans- 
syn-cis-series. Hence we can provisionally say that Marvel and White's alcohol (m. p. 67°) is 
the missing epimer of the cis-syn-cis-series; its direct oxidation to a perhydrodiphenic acid is 
desirable. 

The present state of knowledge of the 9-substituted perhydrophenanthrenes is summarised 
in the table, which gives the melting points of the known compounds. 


Ketones. Alcohols. 
67¢ 
i32°*, 77°8 133°" 
* Linstead, Whetstone, and Levine, icc. cif. * Present paper. * Linstead and Walpole, loc. cit. 
* Marvel and White, jvc. cif. 


With the exception of the trans-syn-cis-compounds, which are intermediate in type, the 
perhydro-aleohols fall into two classes. Four alcohols are high-melting (111° to 133°), 
moderately soluble and crystallise well. The other three resemble the related ketones in their 
physical properties, being lower-melting, more soluble, and much harder to crystallise. Each 
epimerc pair has one member of each type. The higher-melting epimer was always isolated 
readily from the hydrogenation of octahydrophenanthrene compounds. This is probably 
deceptive; the low-melting epimers were fairly certainly present in the mother-liquors, which 
by oxidation usually yielded some 10-30%, of perhydro-ketones. Reduction of the perhydro- 
ketones to alcohols gave less uniform results. Two ketones (cis-syn-trans, trans-anti-irans) 


q 
ty 
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yielded the lower-meiting alcohol by catalytic hydrogenation and the epimers by reduction 
with sodium. Two other ketones (cis-syn-cis, cis-anti-trans) were catalytically hydrogenated 
to the higher-melting alcohols and a low-melting isomeride could not be isolated. The dis- 
tinction in physical properties of the two series must correspond with the packing of the mole- 
cules in the crystal lattice, which is affected by the relation in space of the hydroxy! group to 
the rest of the structure. 

We must now review the new results in their bearing on the stereochemistry of hydrogenation 
of aromatic rings. The first point is that over Adams's platinum at room temperature the 
threne is hydrogenated to give cis-compounds, in 


Whetstone, J. Amer. Chem. Soc., 1942, 64, 1985). The second point is that hydrogenations go 
both syn- (60%) and anti- (40%) in the trans-series, whereas the corresponding ¢is-compounds 
are hydrogenated only to syn-products. At first sight this appears anomalous but consideration 
shows that it is to be expected on the hypothesis of catalyst hindrance (Linstead ef al., loc. cit., 
p- 1989). According to this, hindrance between the catalyst and substrate will effect adsorption 


(Xla.) (XIb.) 

selectively so that one particular spatial arrangement may be expected to be favoured and the 
alternative inhibited. Hydrogenation will follow correspondingly, the hydrogen entering the 
molecule to give the configuration consequential on the preferred adsorption. This readily 
explains why cts-as-octahydrophenanthrene derivatives give cis-syn-cis-perhydro-compounds. 

The case of trans-as-octahydrophenanthrene is different. The trans-decalin part of the 
molecule is approximately planar and the hindrance anticipated between the catalyst and one 
arrangement of the substrate (XIa) should not differ greatly from that with the alternate 
arrangement (XIb). There is no prima facie reason why adsorption should not occur in both 
ways. Hence we should expect both cis-anti-trans- and cts-syn-trans-materials to be produced, 
which is precisely what occurs. It would be premature to regard the hypothesis of catalyst 
hindrance as proved but it is interesting to find results such as these in line with its requirements. 
It may also be significant that in the frans-series, where both positions of sorption are somewhat 
hindered, hydrogenation is less ready than in the cis-series where one position of sorption is 
free from hindrance. 

In addition to the above results, we have made some progress towards obtaining the various 
— hydrocarbons, the perhydrophenanthrenes, in stereochemically homogeneous forms of 
known configuration. This being forther iavestignted aad it hoped to describe it later. 


EXPERIMENTAL. 


of trans-9-Keto-as-octahydrophenanthrene (I).—A solution of the ketone, m. p. 06— 
by the method of Linstead, Whetstone, and Levine eit.) in absolute alcohol 
acid over Adams's platinum oxide (0-6 g.) took up 3-6 moles of 
whe pe ge pressure in 4 days. After removal of the catalyst and solvent, the residual 
was diluted with hexane (30 c.c.) and set aside. There was deposited a solid (A.) (23 g.), m. p. 
105—-115*, which was dissolved in hexane 20 c.c.) The solution on 


being 
to cool slowly deposited fine needles (B) (0- m 126—1 Crystallisation of this from ether 
ve isms of cis-syn-trans-perhydro- (TV), m. 131-5132" (Found: C, 80-6; 
requires 80-7; H, 116 The filtrate from (B), when kept overnight, 
m. p. 129—1 on crystallisation from hexane yielded rosettes fine, 
silky, fires (III), m. p. 133--133-6" (Pound; C, 610; H, 
%). A aa of the two alcohols melted at 1056-115". Evaporation of the filtrate from ( 
ve a mixture (D) of the two alcohols in approximately equal amounts. The m. p. of this was r 
| ehniaiare th either of the components. Some separation could be effected slow ev ation 


etherea! solutions, but the best technique for both this mixture and the mother-liquor the 
oxidation to the ketones (see below). 
two pure trans-as-octahydro- Linstead. ans 
Levine, loc. cit.) were similarly h the same two dro-ph throls 


was onidieed with chromic and the ketone (043g; mm: in the 
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. Two from light petroleum pen 
106%). The oxime, which wae formed readil alcohol in fine needles, 


m. p. 206-200" Cc, 72, H, 760; H, 105%). Hydrolysis of 
Sp heating im for © minutes, (i axed in balling 
ether for 9 hours, or (ij) alone at 200° for 2 hours. 
(0-17 g.), 132", already 
over Adams's catalyst in chal <.c.) containing acetic acid (2 cc.). (In pure the 
(290 


was very slow.) The epimeric cis-syn-trans- 
was very soluble in organic solvents. Two raised the p to 
(Pound; C, 00-06; 11-76. requires C, 7; 11.6%) 
No solid acid could be inolat alter oxidation, by nitr: acid, of the cis-ryn-trans-ketone or either 
Linstead and Doering (Joc ett) for the isolation and 


perh 
with iseamy! nitrite (Litvan and Rotinsos, 
of ip acetic anhydride (cf. Evans, Radgion, and Simonsen, J., 1934, 137) failed to yield any 9 : 

The eis-syn-trans-perhydrophenanthrol, m. p. 132° (450 mg}, was dehydrated with 
hydrogen sulphate (oo mg.) at 200° for 3 hours. The resulting liquid olefin was ozonised and the 
osonide decomposed by evaporation with 3% hydrogen peroxide. The acid prodact in aqueous sodium 
carbonate was fractionally acidified. The third treatment yielded a crystalline solid (25 mg.; m. 
190-196") which after crystallisation from acetic acid melted at 196—106° alone or in admixture 
euthentic acid (Linstead and Doeri joe. 

cie-anti-trans- and trans-anti-trams-Series. ®-phenanthrol (III), m. 133° 
(200 mg_), was oxidised in the cold with chromic and acetic acids. The ketone, isolated in the usual 
way, melted at 62-64" (110 

cis trans etopert thy forms See light petroleum), 53 
(Found: C, 81-2; H, requires C, 41-5, H, 10-78%). The oxime was rapidly 
at room temperature. Crystallisation from alcohol, in which it was freely soluble, lowered its initial 
m. p. of 6-148" to 140-149", bly inversion had commenced. HMycrolysis of the 
oxime with boiling 6% sulpheric acid yrekted the (see below). 

Catalytic hydrogenation of the (100 mg.) drops of 
acetic acid (A & catalyst) yielded 80 mg. of the cis-anéi-trans-alcohol, m 


The cis-enti-trens-ketone (80 mg) was boiled for 105 minutes with sodium ethoxkle (from 6-3 g. of 
sodium and 5 c.c. of alcohol), The product was poured into wuter and isolated by means of ether 
After cryvtallisation of the remdue from t petroleum, 10 mg. of #ens-anés-trans-ketone were 
having m. p. and mixed m. p. 44-46". The oxime had m. p. and mixed m. p. 230-233". 
The trans-anti-frans-ketone (240 mg) (Linstead and Wal loc. ott.) ly took up one mole of 
hydrogen over Adams's catalyst, in alcoholic solution rystallisation o the product from ox 
gave 120 mg of 4 aew transanti-trans (m. p., crude, 76-78") 
a “yr light petroleum, followed by sublunation at 90° /5 mm., gave the analytical 
m p. * (Found: C, 610; H, ie requires C, 80-7; H, 11-6%). The 
spine alcobol was prepared in good viel? by the reduction of the ketone with sodium in morst ether. 
had m. p. 116-—1 18", in agreement with Linstead and Walpole 
oe of cis-syn-trans- and cis-anti-trans- Material —It has been said that the solid product 
(A. p 1431) from the hydrogenation of keto-as-octahydrophanthrene was ated by crystal- 
lisation into the ois syn-rane and cis-antt-trans-alcohols and a mixture (D; p. 1431 This mixture 
(900 mg) was oxidised with chromic oxide in the usual wa aa tee of 
light petroleum gave mg of cis (mp. 67 
could not be further crystalimed, was converted into oximes (490 mg.), separated by fractional! crystal- 
lisation from aleohol into cts-syn-trans- (120 arg. ; m. p. 196-—198") and (350 mg. ; 
m. 145"). (D) thes costains alcohols of the two series in about equal amounts. 
Suen moter - quar from the original solid hydrogenation product (4) was also examined. Some 
‘4 of this were accumulated. Vacuum-distillation yielded 40 g. of non-viscous liquid, ee below 
*/5 mm. amt mainly composed of hydrocarbons, together with 5-1 g. of a viscous ail, b. p. 125— 
140°/5 mm. Oxidation of the high-boiling fraction with chromic acid yielded a mixture "ad ketones 
which was converted into oximes at room temperature. The following crops were removed 
(i) after 5 minutes, m. p. 190-220", 1-8 g.. (ii) after another 30 minutes. m. p. 192-195", 1-3 ¢., 
after storage overnight, m. p. 180185", rop (i) was rated into m. p. 
230-232" (1-6 and m. p. 195- (02 Crops (ii) and (iii) yielded 10 
of m 200.202". The truns-anti-rans- was presum formed, by 
inversion at the stages of oxidatina and oximation, bat we cagnot exclude the possibility 
present ip the original bydrogenation product 
From a review of the constituents of the various it i» concluded that the 
of the #ans-octahydro-ketane yielkled about perhydrophenanthrols, of which the 
cts-sym-trans- and 40% the 


We are indebted to Miss Eleanor Werble and Mr. W. G. Dauben for the microanalyses. 
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295. Deory-sugars. Part XII. Experiments with the O- and 
N-Glycosides of Some Deoxy-sugars. 
By K. Burier, S. W. G. and M. Sracry. 
The preparation is described of some O- and N glycosidic derivatives of 2-deoxy-pentoves 
and -hexoses and of the O-glycosides of 2 : 3-did ‘! Comparative 


Measurements 
reported the rates of acid hb yoomdes, that the methylene 


Is earlier communications in this series (/., 1949, 2641, 2646) it has been shown that a deoxy- 
group at C,,, in pentoses and hexoses exerts a profound effect on the glycosidic centre in these 
sugars. Methylglycosides of 2-deoxy-sugars are hydrolysed by acid much more rapidly than 
are the corresponding derivatives of the normal analogous sugar. In nucleic acids the basic 
constituents are linked to the sugar residues by N-glycosidic attachments, so we considered it 
worth while to study the effect of a deoxy-group at C,,, on N-glycosides of pentoses and hexoses. 
Sugar anilides were chosen as convenient derivatives for this purpose. For most sugars, the 
aniline derivatives are highly crystalline and consequently have been found useful for the 
characterisation of sugars, Until recently there was very little clear evidence concerning the 
structure of sugar anilides in general. It had not been demonstrated conclusively for example 
whether they were all N-glycosides or whether some were Schiff's bases, Even on the 
assumption that they were of the former structure, the nature of the lactol ring was unknown. 
It should be noted that Irvine and McNicoll (/., 1910, 1449), from methylation studies, had 
obtained some indications that galactose anilide was a N-glycoside having a | : 5-lactol ring. 
Recent work by Butler, Smith, and Stacey (/., 1049, 3371) with galactose anilide and its 
acetylation products led to the isolation of two forms of the acetylated anilide which were 
considered to be a- and §-anomers of pyranose type, thereby providing further evidence in 
support of the ring structure for anilides. Furthermore, some of us, with other colleagues 
(Butler, Overend, Smith, and Stacey, Chem. and Ind., 1949, 551) have proved conclusively that 
anilides in their normal crystalline form are N-glycosides and not Schiff’s bases. We have 
now extended this work into the deoxy-sugar series. 
of 2-deoxy-p-galactose, 2-deoxy-p-glucose, 2-deoxy-1-tibose, and 


Crystalline 
2-deoxy-p-xylose have been obtained by the usual method for the synthesis of anilides, namely 
by heating a solution or suspension of the sugar with freshly distilled aniline in absolute or 
aqueous ethanol (cf. Kent, Stacey, and Wiggins, J., 1949, 1232; Overend, Stanék, and Stacey, 
., Pp. 2841). These derivatives are excellent for the characterisation of the sugars named 
The products exhibited mutarotation in solution 


riacetyl p-galactal which is known to have a pyranose structure (Levene and 
. J. Biel. Chom. 1931, 93, 631) was treated with bromine and yielded 3: 4 : 6-triacety! 
:2 y-D-h (cf. Fischer, Ber., 1920, 63, B, 500), which, however, on 


2-deoxy-p-glucose, and 2-deoxy-L-ribose resulted in the isolation of syrupy mixtures 

from which suitable acetylated or meth honated a- and $-anomers of the anilides could 
not be isolated. With 2-deoxy-p-glucose anilide it did seem that some of the required products 

U. Ong. C 1946, 

78) showed that, when an acidided aqueous solstice of (pHi to treated with 


in pyridine or dry methanol, indicating that in all probability they were N-glycosides. Attempts 
to get further evidence to support these optical rotational data by chemical methods were 
unsuc 
1: 2-di 
reaction with aniline in the presence of excess of silver carbonate underwent extensive 
decomposition. Similarly application of Butler, Smith, and Stacey's methods (loc. c#t.), which 
proved successful with galactose anilide, were found to be too vigorous for the more unstable 
2-deoxy-sugars. Either acetylation or methanesulphonation of the anilides of 2-deoxy-p- ‘ 
procedure. They proposed that their new anilide possessed a pyranose structure, and that the 
product obtained by the normal route was of the furanose form, From their results it would 
appear that the furanose form of ribose anilide is more stable than the pyranose form. 
Application of their method to 2-deoxy-sugars yielded the same anilides as those already 
described. The effect observed by Lee ef ai. (Joc. cit.) does not appear to be general since Butler, 
Smith, and Stacey (loc. cit.) found that galactose would yield only one anilide. Since anilides 
in the 2-deoxy-sugar series are so labile we considered that some physical measurements might 


Butler, Laland, Overend, and Stacey : 


be a useful approach. In collaboration with Dr. H. P. Koch of the British Rubber Producers 
Research Association, Welwyn Garden City, it was demonstrated conclusively by infra-red 
absorption spectra measurements that the C“N linkage was absent in 2-<deoxy-sugar anilides. 
Consequently they could not be of the Schiff’s base type, but were N-glycosides. Furthermore. 
by analogy with other glycosides and anilides of known structure, it was clear that they possessed 
the 1 : 6-lactol (pyranose) ring. 

The following compounds were used: (i) »-propylaniline, (ii) benzylideneaniline, (iii) 
p-arabinose, (iv) a-methyl-p-arabopyranoside, (v) 1: 2-isopropylidene p-glucofuranose, (vi) 
2-deoxy-p-ribose anilide, (vii) 2-deoxy-p-glucose anilide. The band positions observed were: 
{a} unconjugated phenyl in (i), (vi), and (vii) at 1600 em.*; (6) conjugated phenyl in (ii) at 
1572 cm.-*; (c) C=N im (ij) at 1625 cm.~* (conjugated); (¢) CH-OH in (iii), (iv), (v), (vi), and 
(vii) at 1060—1080 cm.*; (¢) CHyOH (?) in (v) and (vii) only at 1030 cm.-*; (f) pyranose ring 
in (iii), (iv), (vi), and (vii) at 085—09056( ? ?) cm.-*; (g) >NH was not identified in (vi), (vii), or (i). 

The rates of bydrolysis of these anilides were then measured quantitatively and compared 
with those already reported for some O-glycosides of the same sugars. Preliminary studies with 
056% formic acid confirmed our observations that 2-deoxy-sugar anilides were highly labile. 


Fis, 1. Fis. 2. 
Hydrolysis with w-sulphuric acid, Hydrolysis with 0-n-sulphuric acid. 
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60 
we 20 40 60 40 oO 120 
Time (minutes) Time (minutes). 
1. amslide. I. p-Glucose anilide. 
Il. p-Calactose anslide. Il. v-Gelactose anilide. 
Ill. 2- Deory-p-giucose amilide. Ill, 2-Deory-p-glucose anilide. 
IV. 2-Deory-v-galactose antlide. IV. 2-Deosy-p-galactose anilide, 


The rates of hydrolysis of anilides in the normal and corresponding 2-deoxy-sugars were 
compared by.a method similar to that described by Hanaoka (/. Biochem. Japan, 1940, 96, 31). 
The results are shown in Figs. 1—4. Figs. | and 2 refer to the hydrolysis of anilides of hexoses 
and 2-deoxy-hexoses, with x- and 0'IN-sulphure acid (concentrations quoted refer to the acid 
before addition to the solution of sugar anilide). Figs. 3 and 4 refer to the corresponding 
pentose derivatives. The hydrolyses were followed polarimetrically at room temperature, after 
addition of mineral acid to a solution of the sugar anilide which had mutarotated to equilibnum 
in dry methanol, Equimolecular solutions of the sugar derivatives were used. Although 
hydrolysis of the normal sugar anilides by 5x-sulphuric acid could be followed polarimetrically, 
the rate was much too rapid in the deoxy-sugar series with acid of this concentration. However, 
the end values were identical with those obtained by using more dilute acid (N-H,SO,). With 
© In-sulphuric acid, the normal sugar anilides were not always completely hydrolysed, since the 
liberated aniline reduced the acid concentration sufficiently to terminate eventually the 
hydrolysis reaction. In such cases, aniline sulphate could be isolated. The isolation of this 
salt, coupled with the fact that the end values obtained for the optical rotations after further 
additions of acid corresponded to those for solutions of the free sugars at equilibrium, was taken 
as indicating that the acid treatment resulted mainly in hydrolysis of the anilides. Separate 
experiments indicated that mutarotational changes resulting {rom the free sugars formed by the 
hydrotyses did not interfere with the results, except perhaps in the case of galactose, for which 
the rate of mutarotation of the free sugar in acid solution was comparable with the rate of 
hydrolysis of its anilide with n-sulphuric acid. However, since some discoloration was noted 
during the experiments, it was inferred that some secondary change (re-arrangement) 
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From the graphs of the rotational changes the degree of hydrolysis was calculated by « 
process of integration, and these are the results shown in Figs. 1—4. Reference to Figs. | and 2 
shows that 2-deoxy-sugar anilides in the hexose series are hydrolysed much more rapidly than 
the corresponding normal sugar anilides. Similar results are obtained in the pentose series 
(see Figs. 3 and 4). 

Comparison with the studies of Overend, Stacey, and Stanék (/., 1949, 2841) revealed that 
N-glycosides (anilides) of 2-deoxy-sugars are more labile than the O-glycosides. This property 
is closely similar to that of corresponding derivatives of normal sugars. Since for both O- and 
N-glycosides it is clear that a deoxy-group at C,,, of a sugar exerts an influence on the glycosidic 
preparing some dideoxy-sugar derivatives, Se particularly the 2: 3-dideoxy-derivatives. 
Because of the greater ease of manipulation the O-glycosides were used, and for comparative 
purposes the ethyl glycosides were prepared. a- and §-Ethyl-p-glucopyranosides were made 


Fr, 3. Pro. 4. 
Hydrolysis wth w-sulphuric acid. Hydrolysis with ln-sulphuric acid. 


Ribopvranose anslide. . Ribopyranose anilide. 
Il. p-Ribofuramose amilide, Il. D-Ribofuranose aniline. 
Ill. p-Xylose anilide, Ill. o-Xylose anslide. 
IV. anilide. IV. 2-Deory-t-ribose anitlide. 
V. 2-Deory-v-sylose anilide, V. 2-Deory-v-rylose anilide. 


according to the usual methods (see Fischer, Ber., 1805, 28, 1154; Ferguson, J. Amer. Chem. 
Soc., 1932, 54, 4086) and further characterised as their tetra-p-nitrobenzoates. i. 
glucofuranoside 5 : 6-carbonate was made by the method of Haworth and Porter (/., 

2796). Treatment of 2-deoxy-p-glucose with 02% ethanolic hydrogen chloride mane’ ta in 
the formation of an ethyl-2-deoxy-p-giucoside. The same glycoside was obtained, in very poor 
yield, from the action of 1°6% ethanolic hydrogen chloride on p-glucal (an unidentified oil was 
also obtained and this will be the subject of a subsequent communication). Hydrolysis of this 
glycoside with x-hydrochloric acid resulted in the re-formation of 2-deoxy-p-glucose which was 
isolated as its dibenzyl mercaptal (cf. Overend, Stacey, and Stanék, loc. cit.). Oxidation by 
lead tetra-acetate resulted in the uptake of | mole of oxidant. 

In like manner ethy!-2-deoxy-p-glucoside reduced one mole of sodium metaperiodate, but no 
formaldehyde was formed, indicating that the glycoside has a pyranose structure. Treatment 
of it with p-nitrobenzoy! chloride in pyridine yielded 3 : 4 : 6-trt-p-mitrobenzoyl ethyl-2-deoxy-p- 
glucoside, A crystalline 3: 4: 6-tritoluene-p-sulphonyl derivative was also obtained, both 
derivatives being useful for the characterisation of the glycoside. a-Ethy!l-2: 3-dideoxy-p- 
glucoside was prepared according to Laland, Overend, and Stacey (/., 1960, 738). It was 
non-reducing to lead tetra-acetate, showing that it had a pyranose structure, and yielded a 
crystalline 4 ; 6-di-p-nttrobensoate. 

The various glycosides described were treated with acid and their rates of hydrolysis were 
followed polarimetrically. Fig. 6 illustrates the results obtained. Equimolecular solutions 
were used for the experiments and, since the glycoside concentration in solution was low, the 
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hydrolytic reaction was assumed to be of the first order, and the results are represented as 
percentages of hydrolysis based on the initial and final rotations obtained. From the data 
recorded, and from comparisons with the work of Overend, Stacey, and Stanék (loc. cit.) it seems 
that the glycosides of 2-deoxy-hexoses are more stable than those of the corresponding deoxy- 
pentoses (cf. Hirst, /., 1949, 522) and that, as in the normal sugar series, glycofuranosides are 


Pie. 5. 


ale A. Time (mates). 
ale 8. Time (hours). 


1. Ethyl-v-giucofuranonde 6-carbonate (scale A) 
Il. a-Ethyi-2: (seale A). 
and B-Eth (seale B). 
. Ethyl 2-deosy-v-glucoside ( 


much more labile than glycopyranosides. Moreover, an increase in the number of deoxy- 
groups in the sugar chain definitely increases the lability of glycosidic residues to acid. For 
example, a-ethyl-2 ; 3-dideoxy-p-glucopyranoside is more labile to acid than is a-ethyl-2- 


pyt ide. So far we have been unsuccessful in our attempts to prepare «- or 
2 : 3-dideoxy-p-glucofuranoside, no doubt because of its extreme lability. Finally it 
appears that the ethylglycosides of 2-deoxy-sugars are somewhat more stable than the 
corresponding methyliglycosides, 
EXPERIMENTAL. 


2.Deosy-p-glucose Awilide.—(a) An alcoholic solution of aniline (0-1 c.c. in 1 ¢.c.) was added to an 
aqueous solution of 2-deoxy-p-glucose (0-1 g. in 56 c.c.) which had been treated with 6-01 N-sulphuric acid 
until it was just acid to Congo-red. The mixture was shaken at room temperature for 10 minutes and 
then left at 0° for 24 rs. Needle-shaped crystals separated and were collected. After 
tion from ethanol, the anilide was obtained as colourless needles (0-06 g., 43%), m. p. 188— 

1a9". If the addition of sulphuric acid to the solution of the deoxy-sugar was omitted an increased 
was obtained (Overend, Stacey, and Stanek, /., 1949, 2841, quote m. p. 193-194" for this 


(0-1 g.) in ethanol (12 cc.) containing water (1 ¢.c.) was heated under reflux 
rs. A slight brown residue was removed, and on storage crystals separated 
and were collected a oo of the mother-liquors - em) a further crop of crystals. These 
were recrystallised an ethanol, and the anilide (0- ) was obtained as colourless needles, 
199-194" on admixture with the profinct of (a) wes 168-108" (Found: 
56 Cale, wt, ON: C, H, N, 50%). The product was soluble in hot 
water A slightly soluble in hot acetone. It sh d tational changes as follows: [a)p on’ 
5 minutes) 102° (19 hours) (¢, 10 in pyridine); —64" (20 minutes) (approx. ) 
4bours) (in methanol). Attempts to acetylate 2- lh D- giucose anilide with acetic anhydride in dry 
idine at 0” for 4 days yielded only syrupy mixtures. When the anilide (0-08 ¢.) prepared by method 
4) in solation in absolute ethanol (20 ¢.c.) was heated under reflux for 4 hours it underwent no change. 
De-amshnation of anilide (0-08 g.) was treated with 
0-5% formic acid (20 ¢.c.) at 80° for L hour. The mixture was steam-distilled and neutralised with 
carbonate. After filtration the neutral solution was concentrated to dryness under diminished 
pressure. The residue was extracted with 05%, ethanol and filtered, and then hydrogen sulphide was 
passed through the solution. After filtration through a charcoal pad the solution was a to 
dryness. Nucleation with 2-deoxy-p-glucose and trituration with ethanol induced the residue 
to crystallise. The crystals were washed with ethanol “hams end GE 
admixture with authentic 2-deoxy-p-glucose. 
2-Deowy-v-galactose Amide — ) in aniline (0-5 c.c. = 
ethanol (10 ¢.c.) was heated under reflux for 1 hour. 


4 
20 
\ 
80 
| i a 
| 
| 
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the solution yielded which crystallised. The , 60%) were collected, washed 
and dried. 134—135° (decomp). 

rye 83° when catalysed with Acstylation of th 
; N,&4. requires C, 60-2; N, 69%). Acetylation of the anilide with acetic 


"(Derias J... 1948, 1879, give m. p. 

suspensioa of (0-14 ia absolute ethanol (6 was boiled under redux with 
until was effected (3 hours). Concentration of 
the solution (19 90%), m. p. 176—175" act from 
method (a), 172199), ~ ilar" (10 58° (240 minutes) (¢, 10 in pyridine), 


Ambide.—This anilide was aniline by the usual procedure 
J. Amer, Chem. Soe., 1926, , and had 142—143° (decomp.), 
when catalysed with 3 deope ol acid 2 im methanol) (Cameron, gives 
m. p. 140—147° 62° in methanol}. 1900, 3371 
(15 hours) —> —37 1-2 im methanol). 

Thin was prepared according to Lee and Berger (/. Org. CAem., 1046, 
75) im 83 Mild and adm. + (9 + 
(24 hours) (c, 1-0 in p +23° ——» +13° (17 hours) (¢, 1-0 in methanol). 
eit.) give m. p. 125—-127° and +63.4° —> in 48 fe, 10 
Kenner, $46, 855) give m. p. 119°, 99 tours 0.96 
in dry ne), +60" value) —> +48-4° value after 2 days) (¢, 005 in moist 
+43° (final value after 4) hours) (c, 0-75 im pyridine containing 10% 


anose Amiide.—In like manner this was obtained in 70%, yield after Lee and 
. . +182° (4 minutes) + (22 hours) 
ts) (c¢, 10 im methanol). Lee and Berger 
+176-5° > +1560 (96 bourse) 30 in ine). Howard, Kenner, 
and Todd (lee. et.) ve m. p. 126—127", +180° constant 
+176" (ini value) ——> +161° value after 3 days) (¢, 0-85 in moist 
(initial value) —> +44° (final value after 2-5 hours) (¢, 1-11 in taining 10% of 
(loc. cit.) that the m. p.s of 
th the conditions of isolation of derivatives. 
Anilide.—A suspension of p-xylose (2 g.) in methanol (15 c.c.) was heated under reflux with 
“4 c.c.) for 3 hours. The clear yellow solution was concentrated to small bulk, whereupon 
R tion from methanol gave p-xylose anilide (0-317 
), (5 minutes) — 48° (46 hours 9; H, 65, 
Cas 6-6%). Lythgoe, and Todd (loc. cit.) give m. p- 
(ec, in ine). 
Retations of Glucose, and Ridowe tn Methenol Aqueous Methanol in the Presence of 


+ 


= 
2 


Acid.—({a) Anhydrous a-D-galactose. 9-983x-Sulphuric acid (1-1 ) added to a solution 

pep a- tose in (4:1) (0 cc.) 10; 100 cc. 

and the change in optical rotation was observed. 

Time 2 4 5 8 13 18 107 


Time 1 3 10 100 

+ 104° +96-5° + oe + + 62-8° 

methanol (10 ¢.c.) (¢, 0-7; 00047 mol./100 c.c. of methanol) there was an immediate change in the 
rotation from —17° to —25". value then remained constant for | hour. 


1 cc.) to an equilibrated solution, in methanol (10 c.c.), of the sugar anilide (¢, 0-044 mol/l.) (N.B. for 
- and 2-deoxy-p-ribose this concentration was found to the maximum solubility 


in the solvent, and so for these derivatives saturated solutions were used). The ensuing reactions were 


polarimetrically. Results are indicated in Figs. !—4. Times taken for the various solutions 
to reach a constant value for the optical rotation are as follows : 


(1950) 1437 
2-Deory-p-xylose Anilide.-—This was prepared according to Overend, Shafizadeh, and Stacey 
, 1960, 1027) 

j Time, mins. Time, mins. Time, mins. 
Sugar anilide. (n-H,SO,). Sugar anilide. (»-H,SO,). Sugar anilide. (w-li,SO,). 

15 2-Deoxy-p-glucose 18 D-Galactose ......... 80 

D-Ribopyrancse .. 0 D-Xylose 
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This was prepared in the usual manner (Ferguson, |. Amer. Chem. Soc., 
Lot recrystallised from ethyl acetate-acetone as h . 
184 in water Perguson (lec. cit.) gives m. p {e) 
tetra-acetate and obenzoale, m. p. 215-216", 
; H, 30, se, requires C, 63-7; H, 3-3; 
anoide ing to Fischer (Ber., 1895, 28, 1154). 


it afforded a which, after 

C, 63-4; H, 34; N, 68%). 

eth | : 6-carbonate 

trial 


for the Deoxy- 
100 mg. ethanol (6-5 c.c.) to which was added 
wan apt seams and tho sonstion was 
solution was neutralized with silver carbonate and filtered and the 


titrate . The resid 
ethyl aceta 2-deory mg.) was 


4907; Hi 84: OBt, 234 

(b} From p-gimcal. (2. ), dried in eacwo over phosphoric oxide, was dissolved in 1-6 
ethane hydrogen chlonde (31 8) fter 56 hours at room temperature the solution was new 

separated and washed with ether. After tion from ethyl 

described above. (043 g.) b. p. 100—1 
temp.) /0-006 mm., tified (Found : H, 7-3%). 

Tivdrotysis of 2-deoxy-p-glucoside (60 mg.) was dissolved in 
w-hydrochloric acid (4 ¢.c.), and the solution was kept at room temperature for 48 hours. The solution 
was neutralised (silver carbonate) and then filtered and the filtrate — at room temperature in a 
vacuum-desiceator over phosphoric oxide or sulphuric acid. Kye gd residue partly 
and was treated with concentrated hydrochloric acid (2 vols.) toluene-w-thiol (2 vols.). The 
mixture was shaken for one hour and then diluted with water. The precipitate formed was yee off, 
washed with water, and from 70% ethanol. 2-Deoxy-p-glucose by 
Stacey, and Standk ™)) 

Owidations of By lead tetra-acetate. Ethy!-2-deoxy-p-glucoside 
(62-1 mg.) was added to « solution of lead tetra-acetate in acetic acid. The reaction was followed 
(Hockett and McClenahan, Amer. Chem. Soc., 1939, 61, 


o 65 2 s 9 20 
9 0.07% oi 0-200 052 0463 0463 090 


(b) By sodium metaperiodate (cl. Reeves, J]. Amer. Chem. Soc., 1041, 63, 1476). , From the oxidation 
of eth 2-deoxy-p-glucoside (10 mg.) by sodium metaperiodate no formal yde—dimed 4 
could be isolated 

3.4:6-Tr- Apo Ethyl-2-deoxy-v-glucoside. D-glucoskle (50 mg.) was added 
to p-nit ide (250 mg.) in pyridine (0-2 c.c.) — was ~~ at room rey nny 
for 20 bours and the product was isolated in the usual manner. ; itrobenzoate (70 mg.) 
was recrystallised from 96% ethanol colourless nodules, m. +72-5" (ec, 124 in 
benzene) (Found: C, 544; 35 H,,O.,.N, requires C, 54-5; H, 37%). 

toluene-p-sulphonyl chioride (110 mg.) were added to dry pyridine (1 c.c.). The resulting mixture was 
kept at room temperature for 24 hours and then poured into water. The insoluble material was 

chected and recrystallised from 96% ethanol. The 3: 4: 6-trifoluene-p-sulphonate was 


obtained as 
colourless needles, m. p. 100-101", +83° (c, 0-44 in benzene) (Found: C, H, 53. 
Cy O,, Sy requires C, 53-2; H, &2%). 
12 


a Ethy 3-dideory-D-glucopyranonde.—-This was prepared according to Laland, Overend, and 
Stacey (J., 1950, 738) by the catalytic hydrogenation of a-ethyl-2 : 3-didehydro-2 : 3-dideoxy-p- 
oside. It had m. p. 67—60° and (a)? +140-6° (c, 0-69 in water) (Found: C, 544; H, 90 "Cale 
C, 545, H, 01%). It was non-reducing to lead tetra-acetate solution in acetic acid. 
6 Ethyl-2 : glucomde (50 ) and a solution of 
p.nitrobensoyl chioride (130 mg.) in dry pyridine (0-2 ¢.c.) were kept together 20 hours at room 
mperature. The mixture was poured into water, isolated in the usual manner. Aiter 
reoryvtallmsation ethanol, the (7 as colourless needles, m. p. 
5’, 44 (¢, 1-35 in benzene) (Found : C, 55-6; Hee: 46; N, requires 
‘67 4 
Rates of hydrolysis of a- and f-ethyl-p-g! @-ethyl-p-glucofuranoside 
5: 6carbonate, a-ethyl-2 : 3-dideoxy-p-glucoside, and ethyl-2 -D-glucoside by n-hydrochloric 
acid (¢, 1-2) at 18° was followed polarimetrically. 
(a) and 8-Ethy!-p-glucopyranoside showed no change 
(0) e-Ethy!-v-g! 5 6-carbonate showed the ing changes : 


12 18 45 ™ 1480 
+90" «460° +40" +34” +24° +20° +14° fio +10° 


treated with p-nitroLenzoy! chiorkie in pyridine 
recrystallisation from ethanol-acetone, had m 
6-Carbonate.— 
from 2-tsepropylidene-p-glucose 5 6-carbo 
had m. p. 131.132" 
4 
Mole of Pb(OAc), consumed 
5 
4] 
0 
+100" +96" 
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(e) With e-ethyl-2 : 3-dideoxy-p-glucoside the changes observed were | 
Time (mins) ......... 3 17 37 58 73 a2 161 199 
(4) A similar procedure with ethy!-2-deoxy-p-glucoside, gave 
Time (hours) ............ 0 11-6 24-5 48-5 15-5 965 125-5 
+126 + 106° +87 +67" +n" +46-8° 
a 
scholarship. 
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296. Syntheses of Neurotropic and Musculotropic Stimulators and 
Inhibitors. Part I1I.* Derivatives of Unsaturated w-Betaines. 


By F. Beroet, A. Conen, and N. C. 


Tho ternary ammonium salta and malonic 
acid a synthesis of unsaturated w-betaines, including the known trimethy!- = sep arr 
allyljammonium chioride (11; R — H, X = Cl) or crotonobetaine hydrochloride. The latter 
is esterified with the ap iate alcoholic bh chloride, and a new procedure, through 
chloride obtained i 


and »#-octyl esters, which represent water-soluble af these 

chloride also yields the amide and carbethoxymethylamide, Trimethy!l- 

Reference is made to pharmacological experiments with some of these compounds. 
y-CroTonosetaine (I) has been isolated in small quantities from beef muscle by Linneweh 
(Z. physiol. Chem., 1928, 176, 91) who synthesised its hydrochloride (II; R= H, X = Cl) 
from ethyl y-chlorocrotonate and trimethylamine (ibid., 1928, 176, 217), and found that it 

* resembled y-butyrobetaine in pharmacological effects, which were “ curare-like ” and weakly 
parasympathomimetic (ibid., 1929, 181, 42). According to Strack and Foersterling (Ber., 
1938, 71, 1143; 1943, 76, 14; Z. physiol. Chem., 1938, 257, 1; 1942, 277, 74), re gd 
the unsaturated betaine from L-carnitine as described by Engeland (Ber., 1921, 54, 2208), the 
parasympathomimetic activity was considerably increased by esterification. Thus, the 
methyl ester (II; R = Me, X = Cl) showed muscarinic and nicotinic effects which were about 
one-tenth of those of acetylcholine when tested on muscle preparations, Such relatively high 
physiological activity of a compound differing biochemically from the neuro-hormone of the 
parasympathetic nervous system in its resistance to cholinesterase, and, chemically, in that the 
quaternary ammonium group resides in the acid half of the ester molecule, prompted us to 
re-examine the synthesis and pharmacological properties of y-crotonobetaine and related 
substances some time ago (1042, B.P. 546,506, 546,613, 546,614, and 547,067). 

By a Doebner—-Knoevenagel reaction with malonic acid and formyltetrameth 

chloride (III) obtained from trimethylamine and bromoacetal (cf. Berlinerblau, Ber., 1684, 
17, 1139), trimethyl- ecutbenaliimandaius chloride (y-crotonobetaine hydrochloride) 
(Il; R = H, X «= Cl) has been synthesised. It showed m. p.s ranging from 180° to 199° but, 
after careful recrystallisation and drying, a deliquescent salt was obtained which decomposed 
at 200—-203° (Linneweh, loc. cil., quotes 203-205"). As the m. p.s of the picrate and chloro- 
platinate, and of the salt of the corresponding methyl ester (II; R — Me), discussed below, 
agreed with those given in the literature (Linneweh, Joc. cit.; Strack and Foersterling, Ber., 
1938, Joc. cit.), there can be little doubt that our compounds were identical with those of the 
German authors, Observations on the chloroaurate of crotonobetaine which differ somewhat 
from those in the literature are recorded in the Experimental section. The assignment of 
a$- rather than Sy-unsaturation to the products of the present synthesis is based on analogy te 
a number of examples of the Doebner—Knoevenagel reaction (cf. ‘‘ Organic Reactions,” Vol. 1, 
p. 226). Although it is realised that these comparisons are drawn between products from non- 
basic and basic aldehydes, the further assumption of the stable crotonic acid configuration is in 


J., 1043, 
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(Awnalen, 1923, 482, 46) that the analogous condensation of acetaldehyde and malonic acid in 
pytidine leads to crotonic acid and not tsecrotonic acid. 


Me, <-~ Me,N-CH,CHO + CH,(CO,H), 
(L) x a (iL) 

This method of synthesis has been extended to other aldehydic 
Thus, chloride, obtained by condensation of triethylamine and 
bromoacetal followed by acid hydrolysis, yielded, with malonic acid, a deliquescent quaternary 
chloride from which triethyl-(3-carboxyallyljammonium reineckate was obtained. 

Similarly, trimethy!l-(4-carboxybut-3-enyl)jammonium chloride has been synthesised from 
trimethy!-(2-formylethyljammonium chloride which was prepared in a manner similar to that 
reported by Voet (Bull. Soc. chim., 1929, (iv), 45, 1016). 

In view of the above-mentioned physiological importance of esters of type (II), their 
ion was further studied. The methyl ester (I1; K — Me), prepared with methanolic 
chloride according to Strack and Foersterling (Ber., 1938, loc. cit.), was isolated as 

reineckate [X Cr(CNS),(NH,),), chloride (X Cl), and sulphate (X §SO,). In an 
alternative procedure (II; R «— H, X = Cl) was treated with thionyl chloride and the resulting 
crude acid chloride, which could not be readily purified, yielded esters on treatment with alcohols. 
The methyl ester prepared in this way for the first time yielded the same reineckate and sulphate 
as were obtained by the methanolic hydrogen chloride route, and the benzyl ester similarly 
prepared gave trimethyl-(3-carbobenzyloxyallyljammonium reineckate, chloride, and iodide 
(Il; R= CH,Ph, X ee Cl, and I, respectively). That the same ester was 
obtained by esterification of (11; , X = Cl) with benzyl alcohol and hydrogen chloride 

Higher alcohols also react readily with the crude acid chloride product from thionyl chloride, 
yielding water-soluble esters, analogous to those obtained by Plattner and Geiger (Helv. Chim. 
Acta, 1945, 28, 1362) from betainy! dichloride. 

In this manner the w-amy! ester reineckate and sulphate [I]; R= #-C,H,,, X= 
respectively), and the #-octyl ester reineckate were obtained. 

Conversion of the latter into the corresponding sulphate did not yield a crystalline product; in 
aqueous solution it behaved as an “ inverted " soap, showing marked lowering of surface tension. 

the or the exter (IL; R = Me, X Cl), prepared 
by either method, yielded with ammonia, the corresponding amide which was isolated in the 
form of reineckate, chloride, and sulphate. The reaction of the acid chloride with 
aminoacetate led to the carbethoxymethylamide (Il; NH-*CH,CO,Et for OR) isolated in the 
form of its reineckate and deliquescent sulphate. It was of interest at the time to examine this 
compound for oxytocic activity but practically no effect on the guinea-pig uterus was found. 
Gulland, Partridge, and Randall (J., 1940, 419) bad prepared choline esters of amino-acids and 
peptides as possible simple analogues of the oxytocic principle of the posterior lobe of the 
pituitary gland. 

Since choline ethers (Dale, J]. Pharm. Exp. Ther., 1914, 6, 147) and trimethyl-(2-methoxy- 
allyljammonium bromide Esmodil (Hecht, Klin. Woch., 1935, 14, 957) are known to 
possess strong muscarinic activity, it appeared desirable to synthesise a compound incorporating 
the alkoxy-group of these two types in a crotonic acid betaine ester. 

Accordingly, ethyl y-bromo-$-ethoxycrotonate (IV), prepared from ethyl $-ethoxycrotonate 
and N-bromoacetamide (Wohl and Jaschinowski, Ber, 1921, 54, 476), was treated with 
trimethylamine, yielding trimethyl-(3-carbethoxy-2-ethoxyallyl)ammonium bromide (V). 

BrCHyCCH-CO,Et + —> “CH-CO,Et 
Et (IV) Et (V.) 


Department of Messrs. F. Hoffmann-La Roche, Basle, and partly by Mr. M. W. Parkes of these 
laboratories, confirmed the recorded reports as to the parasympathomimetic action of the 
methyl ester (Il; K — Me). The ethoxy-derivative (V), however, showed only weak activity, 
80 that, at least as far as concerns ethoxy- and carbethoxy-groups, the simultaneous presence 
of the ether and ester groups in the allyl chain tends to abolish acetylcholine-like effect. 

A more detailed pharmacological study of the methyl and benzyl esters (II; R = Me and 


4 
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hydrate 
123-—124° (Found : Cl, 22-8. CON 


Cc 
sat (167 malonic acid (15 g.), and dry pyridine (70 ¢.c 
ns eee hours. Malonic acid (3 g.) was again added 
Pyridine was removed under reduced pressure and the residue dried by 
pa am ao The product was digested with ethyl acetate, and the mass 
absolute ethanol (48 c.c.). cooling crop (89 ¢.; 
mother on storage. Rec 


from the 
. 200-203" (decomp.) (Found 
Calc. for C,H Cl, 19-89%); ‘and the on, p. 
(decomp. ). weh (loc. cit.) gives — respectively. 
pomne aen tn further crops of the crotonobetaine hydrochlonde melt ed as low as ca. 180°. 

The chioroaurate of this material, however, obtained in nearly theoretical yield 

-) (Found: C, 17-8; N, 2-6; Au, 40-2. Cale: tor AWC 

20; Au, 40-8), of the first crop, obtained in eq 
ound : art 17-6; H, 26; N, 2-05; Am, 40-3), 


ebloride (1-5 g.), 
), was heated with malonic acid (1 g.) and 


of pyridine under reduced pressure 


thus ipitated as an 


ammonium C 


“9 g.) in ethanol (12-5 c.c.) for 16 hours at 1 in a sealed tube ( a 
The solution was concentrated to a small volume under 
ted a light-brown deliquescent solid ( 


$i 


from | 
solid, m. p. 171-174" (decomp. 


. for 
oe water (3-6 c.c.; 4:1) was treated with a cold 
silver reineckate and 


warmed with chr ( c.c.) for 
was removed at low temperature under 


Form br omade was 

first prepared by the following convenient procedure as an alternative to that of Fischer (Ber., 1803, 96. 
464) prepared the iodide by methylation of aminoacetal 
anhydrous and benzene (25 ¢.c.) was heated in sealed tube at 100° 
48 hours (cf. Berlinerblau, -, 1884, 17, 1139) After cooling, the crystalline product was collected, 
ant ., 96-5%). After crystallisation from alcohol-ether it had 
n. 150-1 (Found: Br, 31-3. requires Br, A solution of this bromide 
(58-7 g.) in water (200 c.c.) was shaken for 30 minutes with moist 
silver nitrate (43 g.). ucous washings (total, 325 concentrated 
hydrochloric acid (60 c.c.) was ent the whale belied ender ter in 
atmosphere and evaporated to dryness under reduced pressure. The crystalline residue of formylietra- 
) requires Cl, 22:-6%). Pischer (loc. cit.) and Berlinerblau 
ompound but characterised it as chioroplatinate 
Resnechaie —(Form 
according to Stoermer and Prall (Ber., 1897, 30, 

pyridine (10 c.c.) on a boiling water-bath. Evolution of carbon dioxide was brisk, and heating was 
continued for | hour, with occasional shaki 
the residue was dried over phosphoric oxide 
ether (8 c.c.). The ¢ 
requi 

{4-corbos 
heated with trimethylamine (3 
Bull. Soc. chim., 1929, vl 45. 
pressure and treated with dr 
solution of this in water (10 c.« 
temperature in a nitrogen at 
a residue of 2g. This was heated with malonic acid (2 g.) and dry pyridine (15 c.c 
bath for 3 hours. im vacuo 
phosphoric oxide. The residue was dissolved in a small amount of and ipitated with 
by digestion with other tate light brows deliquescent 
cl, C,H,,O,NC! requires Ci, 183%). It yielded, by the usual treatment, a reineckate 

m. p. 204— 

chloride as described by and F (loc. ett.). 
t was directly converted into the reineckate (11-1 g.) which . 
‘ound: C, 302; H, 45; N, 20-15. tor 
C, 30-3; H, 4-6; N, 20-69%). 

A solution of the reineckate in acetone—water (1 : 4) was treated with the calculated amount of silver 
(ct. Strack Poersterling, joc. cit.). After rergoval of and complete evaporation under 
reduced re and at low temperature the residue was cry 
trimethyl 0-carbometho 

(Found: Cl, 183. Calc 

A solution of the rei 
aqueous solution of silv 
washed with aqueous acetone, and the filtrate evaporated to dryness under reduced pressure 
residue was dissolved in methanol, filtered clear, and concentrated to a small volume. Addition of 
ound: C, 468; 74; New 

(6) Crotonobetaine hydrochloride (1 was 
10 minutes on the water-bath. Excess of thionyl! 
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reduced pr but further attempts at were 
unsuccessful. product consisting of the acid chloride, was mixed with te methanol 
(4¢.c.), and the resulting solution boiled for 10 minutes 
coatineed for a further 5 minutes. After dilution of the cooled solution with ice-water and extraction 


with saturated 
collected, dried (2-4 g.), and ree 
C, 3-9; H, 46; N, 204; Cr, 102. Cale. for C,,H,,ON 

3; HL 46; N, ; Ce, 10-0%). 

as described above, and this material, m. p. 165", 

was identical with the sulphate obtained from methanolic h chloride esterification (mixed 

C, 463; H, 74; N, 68. Cale. ton 50,: C, 46-5; 


yi) Salts R = CH,Ph).—Reinechate X= 

H,),) Crotonobetaine hydrochloride (1-42 g.) was converted into the crude acid 

ond thie wan honed th benzyl 0-2.) tor ono ball 
bath dark liquid was cooled and diluted with water, 
extraction with ether. The aqueous solution, made alkaline to litmus with dilute aqueous ammonia, 
was treated with a clear solution of ammonium reineckate. The precipitated reimechate was collected 
and dried (412 g.) and recrystallised from ae forming pink Sion. p. 166—169°. This 
was identical with the reineckate of the ben manner (no depression 
in mixed melting point): Crotonobetaine yd 1 g.) im benzyl alcohol (4 c.c.) was saturated 
with dry hydrogen chioride at 0° and pet solution kept at room ture for 16 hours. It was 

red into water, and excess of — the ‘tate ser, 
fx) 165—169°) (Fou c, 03. H, G1; N, 176. Cy HON requires C, 30-1; 

+ ! 

Chloride 


(X = i. A solution of the reineckate in 80% aqueous acetone (30 c.c.) was treated with 
af aqueous solution of the equivalent amount of silver su te. After filtration from silver reineckate, 
the colourless solution was concentrated to low volume (1/10) under reduced pi and treated with 
af aqueous solution of the equivalent amount of barium chloride. After the barium sulphate had 
settled, the mixture was filtered clear, and the filtrate concentrated under reduced pressure to a 
which was dried t# ee The residue was recrystallised from 
Potting the highly h rs. cream-coloured chloride of low m. p. (45—-55") (Found: Cl, 13-55. 

wit Cl requires 13-15%) 
(XI). This salt, obtained by treatment of the above chloride in methanol with the 
pa... 5 amount of sodium iodide in acetone, had m. p. 149-—151" (from methanol) (Found: N, 3-5; 
1, 35-4. NI requires N, 3-9; 1, 35-2%). 

amyloxyallyljammoniwm Salts R (X = 
Cr(CNS) (NHy, ; Rew H, Cl) (0-4 g.) was allowed to react with 
samy! alc ‘1-5 c.c.}, and the product converted into the reinechate ig the procedures al 
described for analogous esters and their salts. This c lised from acetone-water in pi 
needles, m. 157-158" (Found: C, 360; H, N, 189; Cr, 10-7. requires 
C, 36-1; H, OG; N, Cr, 

Sulphate (X = 950 The reineckate (0-35 g.) yielded, by the usual treatment with silver 
the neutral sulpAate (0-06 g.), m. p. 177° (from methanol) (Pound: N, 5-15; SO,”, 18-8. (C,,H,,O, 30, 
requires 6 $0,", 183 

hate (11; R = X Cr(CNS),(NH,),) 
Crade acid chloride of (11; RK H, x Ch) (0-4 was allowed to react with m-octy! alcohol bec.) 
at 80° for 45 minutes. ly the TY procedure the hate was d and recrystallised from 
acetone-water, m. p. 156-—160° (0-21 g.) (Found: C, 30-7; H, 62; N, 17-1; Cr, 08. 
requires C, 30-8; N, 17-1; Cr, 1%). 

When the reineckate was decomposed with silver sulphate solution, the resulting squeous solution 
of the sulphate showed the properties of soap solution, and the residue, on evaporation, had the 

appearance of jelly 

Sats (11, NH, or OR).—(a) Crude acid chloride prepared 
from crotonobetaine hydrochloride (3 g.) was added in small portions to an excess of aqueous ammonia 
(¢ © 880) at O°. Excess of ammonia was removed by a under reduced re at 35° to half 
volume. Ammonium reineckate was added, precipita the reimeckate (5-36 g.), which recrystallised 
trom acetone-water in needles, m. p. 174 Found: C, 266; H, 50. C,,H,,ON,S,Ci 
requires C, 286; H, 6 

dissolved in aqueous ammonia (5 ¢.c.; 40-880), The sajution was freed from 
in a desiccator. An aqueous solution of the residue yielded the reineckate, m. p. 173-— 178° (0-6 @ 4 


described in (4). This was transformed in the usual way into the su/phaie, m. P. 203-—205° (decomp. 
Although analysis of this was not entirely satisfactory [Found » C, 41-9; H, 83; N, 13-1 (micro-Du 
161 (micro-Kjeldahl); SO,”, 242. requires 420; H, 80; N, 140; SO,” 
245%), the material could be reconverted into the reineckate identical with the starting material (Found — 
269; Cr, 126. Cale. for C, 286: H, 46; N, 26-3; Cr, 11-3%). 
The methyl! ester (11; K «— Me, X = Cl) prepared from crotonobetaine hydrochloride (1 g.) with 
methanolic hydrogen chioride was treated with excess of concentrated ammonia solution, and the 
solution evaporated after 14 hours. The residue was purified from alcohol-ether, yielding the 
ae waternary cAloride of the amide as a highly deliquescent cream-coloured solid (Found: N, 153. 
ems requires N, 15-7%). This also yieded the reineckate, m. p. 174—177°, described 


wit ether, the aqu at was Mace singht with dilute aqucous amimonim a cated 
ve. 


for OR)—The 
gran product thus obtained was added portion-wise “Naaawe solution 
of glycine ethyl eater (2-9 in dry ether (90 cc) at” and sisring was continued t this ture 


anhour. The filtered off, washed with dry ether, and digested with cold water (100 c.c.). 


The 
with an aqueous solution of ammonium 
water, ater, alcohol, and either, and dried and dried 


ors) from acetone-water yielded the 
55— Found : 
cue. i, 95%). Sor 50; N, 20-7; Cr, 10-8. C,,H,,O,N,5,Cr requires 


deacribed for conversa into the wiih was by complete evaporation 
sulphate 
ct and r ipitation of the residue from Yield : 
0-8 g. of high! range 90—100° (Pound. N, 10-6 16-0, 
recomverted into the orgioal relnechate 
and Reinechale —Eth bromo-§- 


m. p. 154-156" (Found: Br, 27-05. requires Br. 270%). 
C. 330: H. 6-08: N, 17-7. 33-7; H, 6-26; %). ‘ 
Resesarcn Department, Rocux Propucts Limirzp, 
Wetwyw Garpew Crry, Herts. (Received, February 15th, 1960.) 


297. Quantitative Studies of the Reactivities of Mixed Carboxylic An- 
hydrides. Part I. The Composition of the Acylation Products in 
the Reaction between Acetic Chloroacetic Anhydride and Primary 
Aromatic Amines. 


benzene solution the reaction leads mainly wr) to achloroacety! derivative, but the product 


t larger amounts of derivative solvents 
employed 00% ucetone water 72% of the poaduct the inter. 
preta of these observations are suggested. 


Mixep carboxylic anhydrides have been known for nearly a century. Gerhardt (Annalen, 
1852, 82, 132; 1852, 83, 112) prepared them by a modification of Williamson's mixed ether 
synthesis (A mnalen, 1852, 81, 73) (action of an acyl halide on the anhydrous metal salt of another 
carboxylic acid) and, in spite of its drawbacks, this remains still the most generally applicable 
method. At the time of their discovery topical interest in mixed anhydrides was provided by 
their support for a combination of the “ radical” and “ type” theories (cf. Chiozza, Annalen, 
1852, 84, 102; 1854, 91, 102). Much later their very existence was doubted by Rousset (Bull, 
Soc. chim., 1896, 13, 330) who demonstrated their extremely low thermal stability, but it was 
nevertheless convincingly established, largely through the work of Autenrieth and his colla- 
borators (Ber., 1887, 20, 3187; 1001, 34, 168; 1924, 57, 423, 1002) and Béhal (Compt. rend., 
1899, 128, 1460; 1899, 129, 681; Ann. Chim. Phys., 1900, 19, 274; 1900, 20, 411). 
Several investigators have also studied the nature of the product formed when a mixed 
anhydride is allowed to react with an amine (or alcohol). There are two conceivable 
reactions : 
R-CO-O-CO-R’ + R”-NH, —> R“NH-CO-R + R“CO,H 
R-CO-O-CO-R’ + R“-NH, —> R“-NH-CO-R’ + R-CO,H 


However, the conclusions of the early workers were contradictory : very often the 


conditions were inadequately specified; and the purity of the anbydride was often doubtful. 
The action of heat causes mixed anhydrides disproportionate into the two symmetrical 


the amounts of these impurities : an equimolecular mixture of two symmetrical anhydrides is, 


_ (1950) Mixed Carboxylic Anhydrides. Part I. 1443 
By A. R. Emery and V. Gorn. 

The compositions of the products obtained by interaction of acetic chloroacetic anhydride 
The problem is unusually difficult because no absolute method of analysis permits an estimate of 
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from a mixed 


Recent work on mixed anhydrides has been stimulated by the discovery of the reaction between 
@ keten and an acid to give a mixed anhydride (Hurd and Dull, J. Amer. Chem. Soc., 1932, 54, 
3427). As keten is casily prepared, this process, together with the application of high-vacuum 
distillation, has made it comparatively easy to prepare mixed anhydrides of acetic acid in, 
probably, a fairly pure condition. 

The study of the reactivities of some mixed carboxylic anhydrides, reported in the present 
— ae forms part of an investigation of the mechanism of heterolytic reactions of acid 

anhydrides. This Part describes product analyses from the acylation of aniline and of 
2 : 4-dichloroaniline by acetic chloroacetic anhydrxdie in benzene, acetone-benzene, acetone. and 


and were all- modifications of those descnbed 
6. Dunbar end thid., 1944, 9, 219; Bolstad and 
eal., 1943, 16, 48%). ‘A detachable filament was made by winding 100 cm. of 
4 former ; it was run at 3-Samps. Keten was evolved at the rate of 
mole pot prov that the filament was renewed after about 6 hours’ working. 
of chi etic acid in dry benzene. evaporation under reduced pressure at room 
temperature the (b. mm.). The distillate is a colourless, 
tory liquid, f 
The ratio, equivs. of acid olysis with cold water/equivs. of Cl~ produced on complete 
alkaline b lysis, was 2-00). The ratio, equivs. of acid left after 
Teac tion anhydride with dry aniline in the cold /equivs. of Cl- produced on com 
was 100-108 (theoretical value: 1-00); the excess of the experimental over 
sensitive indication of the amount of free acid in the sample. None of these 
diets between the mixed anhydride and an equimolecular mixture of the two derived symmetrical 
anb . Nevertheless, the final products used in our experiments were 
of acetic chloroacetic anhydride for thé following reasons taken collecti 
tion product indicates that the preparation must have contained > 
ydride. (ii) The amount of disproportionation was inappreciable when our 
ture of the distillation for a comparable time. te was 
must have been mixed anhydride or— ame ternary azeotrupic mixture con- 
taining equimolecular pom of the two ydrides. (iti) Repeated fractional freezing 
failed to yield a product having a higher freezing point or g a a uct composition in its 
reaction with amines. The ¢ curves had a Pies inns p.. showing the specimens to be 
either pure substances or eutectic mixtures. (iv) ydrolysis in acetone-water accurately followed 
anhydride, whereas the velocity coeflicients 
as im would have decreased as the reaction 


anhydride was measured in a completely enclosed 

cTyoscope of calibrated thermocouple protected by a thia glass sheath. The enclosed stirrer 

was actuated magnetically. Fractional freezing was carried out im the cryoscope, and the freezing 
points re-determined on the fraction. 

Condstions for Acylation Eaperiments.—A amount of mixed anhydride was added to the 

amine solution at the tem ature at the bath tt mostat). The reaction was allowed to go to com- 

jent experiments, and the products then worked up 


ana! h the reaction. 
of Acylation Products. —The total amount of acid im the product was titrated with standard 
alkali, thus giving the fractions of the total reaction proceeding as acylation and as h The 
organic solvent was thea completely removed from the accurately neutralised solution by suction at room 
pe > pte since acetone int with the su went extraction. Benzene was added to the 
ting suspension of amine and anilides in water, the organic materials were separated from the 
aqueous solution of the sodium salts. The chiorine content of the aqueous layer corresponds to the 
amount of chlorvacetic acid formed during the reaction and is equivalent to the sum of the amounts of 
reaction leading to —— and hydrolysis. It was determined by hydrolysis with 5% sodium 
hydroxide solution, by potentiometric titration with silver nitrate solution. organic 
layer was evaporated 2 manana erm -bath, and the amount of the chiorine in it, which is equivalent 
above. The method of analysis, checked against ~y<y- mixtures, gave consistent results. No 
prctenteEie Fo mmo the slight systematic error (the aqueous layer dissolving about 3% of the 
chloreacetanilide 


such as freezing points, cannot be devised without the existence of data for an a 
pure specimen (see also the Experimental section). 
acetone-water. 
q to the atmosphere, was always determined by treatment with dry aniline in the cold and titration of the 
q acid produced) and an appropriate allowance made in the calculations. The anhydride was stored, for 
Matersals.-Acetone, benzene, and aniline were purified, dried, and fractionally distilled. 


Mixed Carboxylic Anhydrides. Part I. 


are given in the Table. oe | 
chloroacylation ratio 
is a function of the solvent 


(figure); it decreases from a value 
: 4-dichloroaniline, 


with 2: 4-dichloroaniline in 80% acetone-water is only slightly, if at all, dependent on the amine 
concentration. 


*CO-0-CO-CH,), 


1 
3 
4 
5 
6 
7 
8 
10 


Vartation of chloroacylation ratio with dielectric constant of solvent 


60 


It may be remarked that the relative rates of the two acylation reactions are really very 
similar in all the solvents studied and that the solvent effect only amounts to the reversal of a 
delicate balance of rates under the influence of a very drastic change of solvent. 

(b) Evidence for Electrophilic Character of the Acylating Agent.—The acylation of an amine 


(1950) | 1445 
In view of the startling 
of the result was mmr 
Ga pennnete with aniline the anhydride reacted to give anilides only, and no hydrolysis occurred 
ve no 
even in the most aqueous solvent. With ‘an appreciable amount of hydrops 
always took place concurrently with anilide formation, and an allowance was made for 
im the calculation of the chloruacylation ratios. 
Discussion. 
(a) Experimental Basis.—The facts which require explanation 
are, briefly: (i) the ratio of chloroacetyl to acetyl derivative { 
Chloroac 
Temper- (Chloroacylation 
Expt. Solvent. ature. Amine. (Amine), ratio). 
Benzene-acetone (80 20 v +6 
Acetone~water (80 : 20 w/w) ......... 0-148 0-36 


Mixed Carboxylic Anhydrides. Part I. 


acid anhydride or acid chloride is known to be a heterolytic reaction in which 
reagent. 


Available data refer chiefly to acylation 
. J., 1934, 1079) but this rule for substituents also holds 
substituted anilines with acetic anhydride (Bafna and Gold, unpublished). 


reagent in its reaction with an alcobol, as 


Physicochim., 1942, 17, 314) for the reaction between acetic anhydride and ethyl alcohol. By the 
use of labelled oxygen in ethyl alcohol it was shown that the oxygen of the alcohol was incor- 


—>CH,CO-OMEt + CH,CO,H 


(c) Molecular Condition of Reagents.-The molecular state of the amine at the moment of 
teaction is hardly in doubt. Although some of it will, in the presence of acids, be in the form of 
an anilinium ion, this form will be very much less reactive than the neutral molecule and is 
unlikely to participate in the reaction to any appreciable extent; but its presence must be 
taken into consideration in a detailed kinetic analysis as it reduces the amount of the reactive 
neutral form. 

The state of the acylating agent is not so certain and may vary according to circumstances. 
For acylation by means of an acid anhydride in the absence of strong acid, the acylating species 
may be the anhydride molecule itself or an acylium cation R-CO* (Treffers and Hammett, 
J. Amer, Chem, Soc., 1937, 59, 1708; Mackenzie and Winter, Trans. Faraday Soc., 1948, 44, 
169, 171, 243; Gold, ibid, p. 506). Such an ionisation is extremely unlikely in benzene solution 
but must be given serious consideration for the more polar solvents. 

(d) Electronic Considerations regarding the Nature of the Acylation Product.—I{ the reactivity 
of a molecule as an acylating agent is determined by the density of positive charge at the carbon 
atom of the carbonyl group, then, for the reaction with molecular mixed anhydride as reagent, 
the acylation reaction 


RCO-O-CO-R’ + RONH, 


should predominate if R is more strongly electron-attracting than R’ (or, roughly, if R-CO,H is a 
stronger acid than R-CO,H, as will be assumed throughout the discussion), so as to leave the 
carbonyl group adjacent to R more positively charged than that adjacent to R’ (cf. Hurd and 
Dull, joc. cif.; Hurd and Roe, J. Amer, Chem. Soc., 1939, 61, 3355, whose oversimplified applic- 
ation of electronic theory leads to the opposite conclusion). The acetic chloroacetic anhydride 
molecule should therefore, on this theory, be predominantly a chloroacetylating agent. 

For the acylation of amines by acetic chloroacetic anhydride in benzene the product com- 
position agrees with the prediction. We therefore conclude that in this case the simplest theory, 
which regards the acylations as bimolecular substitution reactions involving two neutral molecules 
and the reaction velocities of the two halves of the anhydride molecule as largely governed by 
electronic requirements, is adequate. On the other hand, to account for the reversal of the 
chloroacylation ratio as the polarity of the solvent is increased, we have explored two alternative 
sets of postulates ; (i) occurrence of acylation by acetic chloroacetic anhydride in polar solvents 
predominantly through acetylium cations; and (ii) the combined operation of solvation and 
steric factors in the competing reactions of the two halves of the mixed anhydride molecule. 

If the reaction proceeds by a primary separation into ions, followed by the attack of the 
amine by the acylium cation thus formed, we have 


1 
RCO-O-CO'R’ => R-CO* + 
(ut) 


R-CO* + R°NH, —> R“NH-CO-R + H* 


R-CO-0-CO-R’ = R°COr + R-CO,~ 


r 
R“CO* + RNH,—-> R“NH-CO-R’ + 


1446 
by means of an 
the amine beha 
These conclusions follow from the parallelism between the ease of electrophilic nuclear sub- 
stitution in a substituted benzene and the ease of acylation of the corresponding substituted 
wides (Williams and 
or the acetylation of 
For acylation with 3 
substituted benzoy! chiorides (Williams and Hinshelwood, joc. ait.) the effect of substituted 
groups in the nucleus of benzoyl chloride confirms that reactivity runs parallel with depletion of 
electrons at the carbony!l-carbon atom which forms t 
An acid anhydride also functions as electrophilic 
is indicated by the position of bond fission determined by Dedusenko and Brodsk Acta 
‘ porated in the ester molecule, :.¢., 
+ 
or 


[Recrived, January 24th, 1950.) 


298. Quantitative Studies of the Reactivities of Mixed Carborylic An- 
hydrides, Part II. The Determination of Some Reaction Velocities 
involving Acetic Chloroacetic Anhydride. 

By A. R. Emery and V. Gon. 
the dierent reaction with the mixed anhydride to give 
the different rate of hydrolysis of which disturbs the first-order nature 


results are complex but, po hey 
and common-ion intervention by these anions, such as would be expected on the basis 
i reaction mechanism. 


A.tnovuGn the kinetics of the hydrolysis of 


carboxylic 
of acetic anhydride, have engaged the attention of a large number of workers, reaction velocities 
involving mixed anhydrides have been the subject of only two reasonably detailed recorded 
investigations, both dealing with the hydrolysis of mixed fatty acid anhydrides, mainly acetic 
ic anhydride (Verkade, Rec. Trav, chim., 1915, 86, 200; Kilpatrick and Kilpatrick, 
J. Amer. Chem. Soc., 1930, 52, 1418). The main points of interest emerging were: (i) that the 


coefficients would have decreased with time owing to the different rates of hydrolysis of the 
two symmetrical anhydrides; and (ii) that the reaction velocity is intermediate between the 
values for the symmetrical anhydrides. 

solvent on the proportions of the products formed from acetic chloroacetic anhydride and 
an aromatic amine. According to one of these, this observation was ascribed to a change of 
reaction mechanism, the reaction in the more polar solvents being interpreted as proceeding 
via ionisation to CH,-CO* and CH,CI-CO,~. 

In the present paper more information about the reaction mechanism in polar solvents is 


(1950) Mixed Carboxylic Anhydrides. Part II. 1447 
For a full analysis it would be necessary to consider as separate possibilities several relationships 
among the rate constants in the two schemes. Without at this stage reproducing the mathe- 
matical details of this mechanism we may qualitatively predict with some confidence that, if 
R-CO,H is a stronger acid than R’-CO,H, the ionisation according to (ii’) will proceed more ; 
readily (in both a kinetic and a thermodynamic sense) than that according to (ii), so that it 
will be more probable to find CH,-CO* ions in solution than CH,CICO* ions.* Therefore, if 
acylation occurs vis an intermediate acylium cation, we would predict acetylation to occur to a 
larger extent than chloroacetylation. This hypothesis would, therefore, suffice to explain the 
reversal of the product ratio with increasing ionising power of the solvent, whereupon the ionic 
mechanism would gradually assume greater importance. We shall show in Parts Il and III 
that kinetic experiments designed to test the correctness of these assumptions do not, however, 
offer support for this interpretation. 

Kina's Lonpon. 

of an 

aniline have been com ydrol ts wi competitive 

interpretation of their effect on the hydrolysis velocity. 
reaction is of the first order, thus showing that the substance investigated was homogeneous 
and not a mixture of the two symmetrical anhydrides; in the latter case the first-order rate 
derived from the determination of absolute reaction velocities for hydrolysis, overall acylation 
of 2 : 4-dichloroaniline, and acetylation and chloroacetylation of that amine, and from the study 
of the effects of certain anions on these velocities, all measurements relating to 80 : 20 (w/w) 
acetone~water as solvent. In particular, the kinetic consequences of the ionisation mechanism 
were tested. The method employed was to determine only the hydrolysis velocity directly and 
to obtain the other velocities from product analyses of competitive experiments in which 
hydrolysis and acylation were proceeding at comparable rates. 

such a state of affairs be gone into more fully in the present case, as is shown by the base-weakening 
effect of chlorine substitution in aliphatic and aromatic amines. 
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EXPERIMENTAL. 


of conductivit ter not alter the 
Fic. 1 
of first-order couvse of the hydrolysis 
: w/w) at 25° 


o9 


cipitated anilide 
m. p. 101-5° (Pound : C, 40-6; H, 26; N, 69; 
Cl, 446. C,H,ONCI, requires C, 404; H, 2-5; 


N, 6&0; Cl, 446 
\ 


aq ting 
\ acid with carbonate-free sodium hydroxide solution 
(cf. Vies, Rec. Trav. chim., 1933, 62, 809). The 


\ = 

where 4,, 4 4, are the amounts of anhydri ote 
sample, s,, 4, *,, are the amounts of acid after treat- 
ment with aniline at times! = 0, = ©, and /, 
Time (minutes) is the amount of free acid in the sample due to 


free acid content of the anhydride preparation. For 
@ first-order hydrolysis we get for the rate constant of the reaction 


first-order nature of the “ spontaneous” h Sy tho of Cho 
We 40 . slopes of which the first-order 
usually evaluated and (6) 
initial concentration of anhydride. P 
anhydrides were determined in the same manner. 


Tame I. 


Velocity of hydrolysis of acetic chioroacetic anhydride in acetone-water (80 : 20 w/w). 
(MA}, ~0-05a. 


Temp. A, 10 (sec.*).* Frequency factor. 
1-27 


250° 9-9 kcals. 
In this and the succeeding conttante in tenes of end 
experimental velocity coefficients of hydrolysis and acety!- 
ation t i ( 


Determination of Velocity Acylation of 2: 4-Dichloroamiine by Competition Experi és.—If 
hydrolysis and acylation proceed competitively the tota! concentration of acid ‘at the end of t the reaction 
is a measure of the extent of the competing reactions, since the hydrolysis reaction _ two moles of 
acid and acylation one mole of acid per mole of anhydride vgoeey RA If (X), (A), and [B) represent, 
fespectively, the concentration of total acid, mixed anhydride, and amine face} at the times indicated 


the suffixes, we get 
— 


M aterials Acetic chioroacetic ankydride: see Part I. Acetone-water (60% of acetone by 
Chieroaceto-2 4-dschloroantiide was prepared 
mixing cold benzene solutions of chloride 
ae and 2: 4-dichloroaniline and crystallising the p 
| Hydrolysis Velocity.—The pro- 
q 0 ; m was followed by periodically 
} qe anhydride still present in solution reacts practically 
: instantaneously with aniline, liberating one mole of 
i acid per mole of anhydride, the total amount of acid 
LOS m the sample from this reaction and the hydrolysis 
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For one set of values of the exponents 


uracy 
of the standard alkali solution is essential) and in the use of product ratios differing 


unity. 
Zenation (vi) needs considerable modification if an allowance is to be made for the equilibrium which 
ively removes some of one of the reactants as the reaction . viz., the salt formation 


employed, 

the value 

fortuitous, A, should be 
state of the amine (Table II). 


2 : 4-dichloroaniline in acetone—water (80 : 20 w/w). 


for x 10* for 
- scetylation 
ation . portion. 
121 
104 


55 


The i iv) and not the most ones which will lead to an expression of the 
(v) are general 


form of (vi). 


1449 
test, Dut if ca: Tansiormed into useful equations for other particular 
values of 4, a, and 6. In the present case it seemed reasonable to try an analysis of the experimental 
data on the assumption that the hydrolysis remaims a first-order reaction as before and that the acylation 
reaction is of the first order with respect to each reaction partner. Then, 
A 
and -..-. 
| 
Hence, A 1 
Integrating between the limits indicated, remembering that (from (ii)] (B), — 2{[A}, + [B),, aad 
rearranging, we get 
in 
+ 
bo A simple correction to the equation is necessary if, 
as is usually the case, the anhydride employed contains a small percentage of free acid which must be 
determined independently by reaction with aniline followed by acidity titration (see preceding ). 
not too widely from 
tw ‘ ted an the amine -dichioroaniiine wit the acids and sorven 
i sligh exact is therefore 
II. 
Competitive acylation-hydrolysis experiments with acetic chloroacetic anhydride and 
[Alp Hydrolysis, x 10¢ Chioroacy!- 
or 8-566 14-80 0-75 1-69 0-40 
6 883 670 0-84 1-61 0-45 
25 6-957 741 0-81 71 
0% 746 0-38 21 
5 860 14.83 0-75 746 0-35 20 56 
6-613 24.57 0-75 76 -- 
6-235 37-02 0-75 74 
6189 50-59 0-79 73 
6 259 66.53 8668 0-43 20 48 
7048 67-16 077 75 Ow 21 
Acid 
A 
where Z is the form of the anhydride which is divided in the competition between amine and water, will 
produce a constant ratio &,/k, evaluated according to (vi). Che formation 
of for a nine- only demonstrates the validity of the 
vate-controlling intermediate stages. For this reason, if the 4, and &, of fraction are to be identified 
with the experimental velocity coefficients for hydrolysis and acylation. it is ewential to show that 
Dy) 008 Suppose that the reactions of acetic chloroacetic anhydride 
isa ppearance not on 
success proportional to its concentration. We have not measured the of the rate of 
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amine concentration but have carned out a simpler test and shown 
hydrolysis is measurably slow, the addition of aniline to the reaction 
exclusively formation 


reaction rate by 
volve a slow ionisation stage in which the amine does not participate. 
hloroaniline are similar it seems plausible to assign the same mechanism to 
Teaction — aniline as involving molecular anhydride when 
Therefore, of the ac 


during a slow step, (v) 
Pie. 2. 
The effect of sodium acetate addition om the hydrolysis of acetuc chicroacetic anhydride. 


CO,Na] 
A.0 

B. 0-0168 m. 
C. 00336 a. 
D. 0-0912 ™. 


304030 60 70  @0 
Time (minutes). 
Solwent acetone-—water (80:20 w/w). Temp. : 25°. (MA), ~0-13m. 


By accepting these equations and the validity of (vi), we obtained values for the second-order overall 
acylation velocity coefficient 4, by combining the 4,/4, values with the result for 4,, from the hy 
city measurements. The temperature dependence of A, leads to a value of approx. 10 keals. for the 
activation energy of the overall acylation. 
For compartwon similar, but less extensive, measurements were carried out for the two symmetrical 
anhydrides (Table ILI). 
III. 


Comparison of hydrolysis and competition experiments for acetic chioroacetic anhydride and the 
corresponding symmetrical anhydrides in acetone—water (80: 20 w/w). Temp. 25°. 
[Aly 10% 4-Dichloroaniline). Hydrolysis, %. &, x A, x 
0-670 215 O-175 59 
705 0-672 54-7 0-77 576 180 
353 0-670 50-3 0-06 6500 6800 


Evaluation of Velocity Coefficients for Acetylation and Chloroacetylation of 2: 4-Dichloroaniline by 
Acetic Caloroacetic Anhydride.——The second-order acylation velocity coefficients evaluated above are 
com te, as they are made up of contributions from the acetylation and the chloroacetylation reactions. 

Tocermining product ratios as described in Part I, making appropriate allowance for the fact that 
only part of the anhydride is used up for amine —_— tion, it is then possible to calculate the velocit 
coefiicients for the constituent reactions, provided that both are of the same kinetic order as the o 
reaction, and this seems to be a plausible assumption. The results obtained are given in the last two 
columns of Table The very small temperature of the chloroacylation ratio indicates 
that acetylation and chloroacetylation by acetic chloroacetic anhydride must have very similar activation 


Bifect of Added Substances on Velocities.—(a) Hydrolysis. Table IV summarises the effect of some 
— — af the velocity coefficients whose addition did not disturb the strictly first-order course of the 


of anhydride 
solution causes the chemical chan 
the first measurement ts made after te i4., the presence of amine must ha ed t 
7 
s+ 
34 \ 
& 
= 
q 
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Tasre IV. 


Effect of various substances on the vate of hydrolysis of acetic chloroacetic anhydride in 
acetone—water (80 : 20 w/w) at 25°. (MA), ~005m. 


On the other hand, the addition of sodium acetate and sodium chloroacetate had a more pronounced 
effection the course of the reaction. This is illustrated by representative curves in Figs. 2 and 3. 
Pra, 3. 

The effect of sodium chloroacctate addition om the hydrolysis of acetic chloroacetic anhydride. 

7 


N 


= 
: 


10 2 3% 40 6 70 
Time (minutes). 
Solvent : acetone~water (80 20 w/w). Temp. 25°. (MA), ~0-13m. 


data for the effect of added salts Go 
50 : SO (w/w) acetone—water are given in Table V. In these cases there is no corresponding disturbance 
of the accurate first-order course of the reaction, although sodium acetate and chi et both 
accelerate the reaction. The change of solvent was dictated by the inconveniently slow hydrolysis of 
acetic anhydride in 80 : 20 (w/w) acetone-water. 


Tasie V. 


Effect of added salts on the vate of hydrolysis of acetic anhydride in acetone—water 
(50 50 w/w) at 26°. [Ac,O), ~0°07m. 


experiments. The results are summarised in Table VI. cami 
ydrolysis curves it not possible to the b 
the pressace of by the method descr? above. 


a acetate ions, therefore, 

of the occurring. Before these results 
it must also be decided whether the can be caused by the changed acidity of the 


Substance added. Conen., a, x 10. 
676 
0-05 635 
CL: CO,Na] 
Ao 
\ B. 0-018 m 
C. 0-035! 
D. 0-1730 m. 
a 
A 
ar D 
D 
A 
Substance added. Conca., M. a, 10. 
98 
Table vn su 
Table VIULI the effect of added salts upon the chioroacylation ratio for aniline 
It w 
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acid shows that the change is not due to 
suppression of acid catalyus. 

catalysed by tons (¢g., Ac,O; Skrabal, M 

concentration. To account - our Fesults we would have to assume that there is appreciable hydroxyl- 
ton catalysis of in acid solytions, since even after addition of sodium acetate or chloroacetate 
is finally ruled out (i) the fact that the course of the hydrolysis is not radically c 


first-order course of the “ spontaneous “ 
Tasie VI. 
Effect of added substances in the competitive reactions of acetic chloroacetic anhydride with 
2 : 4-dichloroaniline and water in acetone—water (80 : 20 w/w). 
(MA), ~0-07™. (2: 4-Dichloroaniline), « 0672u. Temp. 25-2°. 


cH, vCO Na 


CH .. 


Effect of added salts on the competstive reactions of acetic anhydride aith 
2 : 4-dichloroaniline and water in acetone—water (SO : 50 w/w). 
[Ac,O), ~0-08m. (2: 4-Dichloroaniline), ~ 0-185u. Temp. = 25°, 
Substance added 


ry 


Taste VIII. 
Effect of added salts on the chloroacylation ratio for the reaction between acetic chloroacetic 
anhydride and aniline in acetone—water (80 : 20 w/w). 
(MA}, ~0-08m. [Aniline], 7m. Temp. — 25". 
Sabstance added. Conen., ™. Chioroacylation ratio. 
0-69 


CHy-CO,Na 0-75 
0-77 


Discussion, 


(a) Characteristic Features of an Llonisation Mechanism for Acetylation. Prediction of 
Common-ion Effect.It was suggested in Part I, as one interpretation of the observations on the 
composition of the acylation product and the change of this composition with solvent variation, 
that acetylation of an aromatic amine by acetic chloroacetic anhydride in aqueous acetone is 
largely an ionic reaction in which the anhydride molecule ionises to a small extent, according to 
the scheme : 


CH,CLCO-O-COCH, == CH,-CO* + CH,CL-CO,- 


and that the amine molecule is then attacked by the acetylium cation. Certain 

may be discovered in the reaction kinetics when such a mechanism operates, including a 
rate-determining stage independent of the nature of the second reactant (in this case the amine) 
or of common-ion effects. These tests should be applicable to the reactions of acetic chioro- 
acetic anhydride. In view of the negative outcome of these tests we omit the detailed 
mathematical analysis of the ionisation mechanism and present only an outline of the arguments. 


Percentage of total reaction giving Chioroacyl- 
Added mbstance. Conca. Hydrolysis. Acetylation. Chioroacetylation. ation ratio. 
-- -- 615 33.9 146 O43 
CHLICOH 102 52-3 30-7 170 0-55 
0016 32-2 13-8 0-43 
4 ws 26-5 12-7 
j 60-6 92 0-30 
65-8 280 62 0-22 
0-092 67-4 26-8 0-20 
66.0 16-7 i7-3 103 
0076 712 13-7 161 1-10 
< 0-102 133 146 1-21 
Taste VII 
%- 
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We have shown that the velocity of acylation depends strongly on the nature of the amine 


would, in fact, be unusual for an organic reaction of this type to have an ionic mechanism in 
which the subsequent reaction of the ion R-CO* + R”-NH, —> R”-NH,CO-R is rate- 
determining and not the initial bond rupture in the anhydride molecule, though the 
mechanism cannot be entirely dismissed on this argument alone. 


for Hydrolysis.—The hydrolysis of 
s to the acylation of an amine. Thus it is known that structural factors which enhance 


a higher value for the ratio &,/k,. Water is a very much less active reagent than the two amines 
(aniline and 2 : 4-dichloroaniline) used by us, and it therefore follows that, if primary ionisation 
is largely essential to the acylation of an amine, acylation of water molecules probably involves 
this step, particularly in view of the parallel trends of 4,, A, and A,/hy. The argument is not 
quite conclusive but, if accepted, leads to the following formulation of the hydrolysis mechaniam : 


CHyCO* + CH,C-CO,- 


CHyCO* +H,0 CHYCOH 
and hence the rate equation : 


where K, and K,’ are the rate coefficients for attack of water on the anhydride molecule in the 
two possible positions. (Since the reagent water is present in unchanging high concentration 
in the solvent, the constant K,’ is defined to include the function of the concentration of water on 
which the velocity depends.) This leads to the result that there should be an experimentally 
observable effect, according to which the velocity of hydrolysis is a linear function of the 
reciprocal of the concentration of chloroacetate ions. 

(c) Complicating Effects of Anions on Reactions of Acetic Chloroacetic A 
straightforward test of this consequence of the fonleation 


catalysed; hydroxyl ions, anion bases, and tertiary amines have been shown to be effective 
and we have found pyridine also to be a catalyst for the hydrolysis of acetic chloroacetic 
retardation by chloroacetate ions may be very 


(2) Except at the very start of the reaction, the addition of a certain amount of acetate or 
chloroacetate ion to the reaction mixture does not produce a solution containing the same 
concentration of the added ion. Since chloroacetic and acetic acids are being formed throughout 
the reaction the concentrations of the ions at any moment are those appropriate to the mass 
law applied to the equilibrium : 

CH,CO,- + CH,ChCO,H == CHICO,” +CH,COH . . . . (A) 
with a secondary efiect due to the direct ionisation of the acids. 

(3) It is possible that the anion effect operates, not only through common-ion intervention 
in an ionisation mechanism, as discussed so far, but also through a bimolecular attack, and the 
experimental results of this paper relating to this are probably best explained by assuming this 
to be indeed an important factor. Since it is known that hydrolysis of an anhydride by 
hydroxyl ions proceeds at a rate several powers of ten greater than hydrolysis by water under 
conditions where a bimolecular mechanism is probable (Gold, Trans. Faraday Soc., 1948, 4, 


used and, therefore, the existence of a common rate-determining stage is ruled out. Further- 
more, the chloroacylation ratio does not depend strongly on the nature and concentration of 
the addition of the common anion (in our case, chloroacetate or, possibly, acetate ions), It 
has not been possible to study the effect of anions on the velocity of amine acetylation. The 
common-ion effect on acylation should, however, also be noticeable in the chloroacylation 
ratios, since it should affect the two types of acylation differently. Added acetate and chloro- 
acetate ions were, indeed, found to have a profound effect on chloroacylation ratios, but it could 
not be explained on such simple lines. . 
with the other, though not to the same extent, the more reactive anhydrides apparently giving 
mechanism is impossible 1) The hydrolysis of symmetrical anhydrides is known to be base- 
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506), it i» aot unlikely that the only slightly less nucleophilic acetate or chloroacetate ions can 
similarly effect a substitution more readily than water molecules. The reaction 


leads to a symmetrical anhydride with a different tendency to hydrolyse compared with that of 
the mixed anhydride. It is analogous to: 


A rapid reaction according to equation (B) is quite probable; Ruben, Allen, and Nahinsky 
U. Amer, Chem. Soc., 1942, 64, 3050) have observed that the radioactive exchange reaction : 


CH, (solid) + (CH,CO),0 —» CH,00-0-CO-CH, + CH,CO-ONs 


without added solvent is half-complete after only twenty minutes at room temperature, although 
sodium acetate is only slightly soluble in acetic anhydride. 

(d) Interpretation of Anion Effects.—When these complications are taken into account, our 

ts on acetate and chloroacetate jon addition may be interpreted as follows : 

(1) Effect of acetate ions upon velocity of hydrolysis: During the early stages of the 
reaction, hydrolysis competes with the reaction : 

CH,CO,- + —> . . . © 
and [because of equilibrium (A)) to a smaller extent with the reaction (B). The first portion of 
the hydrolysis is therefore the rapid hydrolysis of a little chloroacetic anhydride and of mixed 
anhydride, catalysed by acetate and chloroacetate ions, followed by a slow portion, the length 
of which increases with the amount of acetate added, which corresponds mainly to hydrolysis of 
acetic anhydride (Fig. 2). The equilibrium position of reaction (C) is probably entirely on the 
right-hand side, since addition of chloroacetate ions to acetic anhydride did not produce a 
similar deviation from the first-order hydrolysis. 

(2) Effect of acetate ions upon chloroacylation ratio: As the length of the slow portion of 
the hydrolysis increases, the proportion of chloroaceto-2 : 4-dichloroanilide in the acylation 
product decreases, for reactions in which acylation of 2: 4-dichloroaniline and hydrolysis 
proceed at comparable speeds (Table VI). This is explained by the supposition that an 
increasingly larger portion of the acylation reaction is really acetylation by acetic anhydride. 
On the other hand, for the acylation of aniline, which proceeds at a much faster rate than 
either hydrolysis or the acetate substitution reaction, the chloroacylation ratio remains 
unchanged. 

(3) Effect of chloroacetate ions upon velocity of hydrolysis: There is now considerable 
acceleration over most of the course of the reaction (Fig. 3) attributable to the formation and 
rapid hydrolysis of chloroacetic anhydride. The retardation at the end may be due to the slow 
hydrolysis of a small amount of acetic anhydride formed by the attack of acetate ions present, 
through attainment of the equilibrium (A). 

(4) Effect of chloroacetate ions upon chloroacylation ratio: In agreement with the 
interpretation of (3) there is an increase in the chloroacylation ratio for 2 : 4-dichloroaniline 
with addition of chloroacetate ions, since the chloroacetic anhydride formed will naturally 
acylate to give exclusively the a-chloroacetanilide. As with acetate ions the chloroacylation 
ratio with aniline remains unchanged (Table VIII). It is only this last observation which 
seems to disprove without complication the existence of a common-ion effect in the reactions of 
acetic chloroacetic anhydride. 

(5) Effect of acetate and chloroacetate ions upon the ratio hydrolysis/acylation: With 
acetic anhydride added basic catalysts hasten the hydrolysis relative to the acylation 
reaction. The effects observed with the mixed anhydrides (Table VI) do not, therefore, seem 
to call for a specific explanation, although the results do not, of course, relate to the hydrolysis 
of mixed anhydride alone, but to the mixed anhydride and an appreciable proportion of one or 
both of the symmetrical anhydrides. 

On the whole, the effects of chloroacetate and acetate ions would seem to be too complex to 
permit the certain detection of common-ion and specific-ion intervention, and the interpretations 
of the effects given here are really independent of any assumed detailed mechanism. 
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which can be attributed to a common-ion 


suggest iairly strongly that an interpretation of the kinetics of the reactions by an ionic 
mechanism is not a probable one. To account for the absence of such effects in every instance 
it would be necessary to postulate details of mechanism both involved and at variance with 
those commonly accepted for ionisation mechanisms of organic reactions. 


(Recsived, January 24th, 1950.) 


299. Quantitative Studies of the Reactivities of Mixed Carboxylic An- 
hydrides. Part III. The Hydrolysis and Some Acylation Reactions 
of a Series of Acetic Chloroaliphatic Acid Anhydrides. 

By A. R. Emery and V. 


The mixed anh of acetic acid with dichloroacetic, trichloroacetic, «- and £-chloro- 

, and acid have been prepared, 

velocity of ac tion of 2 : 4-dichloroaniline in acetone—water, as well as ge og ratios for 
acylation of aromatic amines in different solvents, have been determined structural 
factors governing the reactions afe dix weed on the bans ofthe proposed in the 


papers. F tion in benzene solution the activating inducti 


anhydrides are now reported for the first time. In this way a limited but systematic survey 
of the consequences of structural changes was carried out. The choice of the particular series 
of compounds investigated permitted their preparation by the keten method, and the 
employment of analytical methods which involved only minor modifications of those developed 
for acetic chloroacetic anhydride. 
EXPERIMENTAL. 
Uixed enh dides were prepared the action of keten on the chloro-aliphatic acid in benzene solution 
and suspension, followed oy vesemmn-dantitiation es at as low a temperature as practicable. Every specimen 
Taste L* 
Summary of results. 
and A, are for acetone~water (80 : 20 w/w) as solvent; for 4, 


Dissoci- 

hy 10° x 10° ation con- 
for for stant of 
chloro- 
576 
1-36 630,000 2,200 200 
— Toorapid — 120,000 


8-Chloropropionic 


18 


dissociation constants are quoted throughout. 


5a 


Nevertheless, the f 
effect, and particularly its absence in the experiments on the chloroacylation ratio with aniline, 
Kiwo’s Cottzcr, Lowpon. 
In the preceding two papers a method of investigation into the nature and reaction mechanisms 
of mixed acid anhydrides was outlined, acetic chloroacetic anhydride being chosen as first 
example. The present paper deals with an extension of this work to other mixed anhydrides 
in which one of the parent acids is acetic acid and the other a carboxylic acid derived by 
| amine used was 2: 4-dichloroaniline. 
Chioroacylation 
ratio wit 
Anhyd 
acetx 
wi 
Chioroac 
Dichlore 
acid 
Trichlorc 
acid 
e-Chioropr 
O38 O87 0-41 6-2 3 
Acetic acid 
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first-order character of al) hydrolysis velocities. In all reaction-velocity measurements it was verified 
that the arresting solution employed (aniline in either the solvent used in the bh of in acetone) 
was satisfactory. Por determination of reaction products it was verified that the denvative 
was stable under the conditions of the extractions. 

Most of the results are summarised in Table 1; some additional data are given below under the 

p. 34—37°/~0-01 mm., 1-4498). The sample did not 

om cooling to --80". See Tables Il and III. 


Taste Ll. 
anhydride om different solvents. (MA), ~0°05m.~ [Amine], ~I™. 
Chioroacylation ratio with 
xperiment. Solvent. aniline. 2 : 4-dichloroaniline. 

(4), Benzene 2-35 
Benzenc-acetone (80 20 w/w 
Dw) 1 
Acetone 1 

®) Acetone—water (80 20 w/w 
Acetone-water (0: wiw 


* In this experiment 73-6% of the total reaction is hydrolysis, giving 4,/4, = 1-36 moles |.*. 
¢ MA ue 


Taste 
Velocity of hydrolysis of acetic dichloroacetic anhydride in acetone—water (80 : 20 w/w). 
[MA], 
10° (secs.). B. 


68 
30 98 keals. 


. Acatic trichloroacetic anhydride (b. p. 20--34°/~0-05 mm., p. —5° approx.). Reaction with 

aniline in acetone water (80 20 w/w) led to 13% hydrolysis and #7% acylation acylation is 100% in 
dry solvents. Hydrolysis is too rapid for measurement in 80% acetone—water. Rate of hydrol in 
undried AnalaR acetone (containing 0-5— 1% of water) at 26°, A, 42 10° sec.; after addition 
of of water (w/w), =~ 32 x sec. 

(iil) Acetic a-chloropropionic anhydride (b. p. 36-—36"/~0-006 mm., 14295). See Table IV. 


Taste IV. 
Competitive acylation-hydrolysis experiments with acetic a-chloropropiomsc anhydride and 
2 : 4-dichloroaniline in acetone-water (80: 20 w/w). Temp., 25°1°. (MA), ~0-06m. 


58 
71 


ic anhydride (b. p. 41—43°/~0-01 mm., 

B-chiore ions on the various reactions is com 
Chioroacylation ratio with 4-dichloroaniline in acetone—water (80 w 
(v) Acetic y-chlorobutyric anhydride (b. p. 51-—54°/~0-005 mm., nit? 1- 


Discussion. 


(a) The Chloroacylation Ratios in Benzene.—In our discussion of the reaction between an 
aromatic amine and acetic chloroacetic anhydride in benzene solution (/., 1950, 1443) it was 
argued that the predominant reaction in the attack of molecular anhydride on excess of amine 
would be the one introducing the acyl group containing the carbonyl-carbon atom which was 
poorer in electrons, ¢.g., in the case of acetic chloroacetic anhydride, chloroacetylation would 
take place to a larger extent than acetylation. Hence, if a series of mixed acetic anhydrides 
R-CO-O-CO-CH, were investigated in which the electron attraction of the group R was altered 
systematically without changing any other structural factors, one should obtain a whole gamut 
of chloroacylation ratios according to the sequence of electronic-attraction powers. 


— 
he cold 
261 
[Amine),. Hydrolysis, %. A, x 1, Chloroacylation ratio. 
0-125 72:5 0-31 66 
4 0 533 36-1 0-29 O15 
4 1-4392). The influence of 
ted through side reactions. 
te w) 0-12. 
4421). 
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that a theory which assumes such a naive model to be applicable to these compounds is too 
the occurrence of an ionisation mechanism tnt Se 
a contention on other 


grounds, 
It is well known that in the bimolecular nucleophilic replacement reactions of the series of 
alkyl halides 
CHyCHyX MeCH,CHyX Me,CH-CHyX Me,CCH,X 
the reaction velocity decreases throughout the series. This decrease has been attributed to the 
combined operation of an electronic and a steric effect, the latter being of more decisive 
importance for the later members of the series (Hughes, Trans. Faraday Soc., 1941, 87, 620; 


Dostrovsky, Hughes, and Ingold, J., 1946, 173; cf. A. G. Evans, Trans. Faraday Soc., 1046, 
42,719). In the case of our series 


a 
CH,yCO-OAc CICH,CO-OAc Ci,CH-CO-OAc C1,C-CO-OAc 

the steric effect of successive chlorine substitutions on a bimolecular nucleophilic replacement 
reaction at 4 would be expected to exert a retarding influence analogous to the effect of methy! 
groups in the above series of §-methylated ethyl halides, the two structures being very similar. 
On the other hand, the electronic effect will be in the opposite direction. Thus, for the 
f-methylated ethy! halides steric hindrance and electron repulsion of methyl groups towards the 
seat of substitution tend to reinforce each other in reducing the reaction rate; however, in the 
chloroacetyl acetates the electron withdrawal by the chlorine atoms favours substitution, 
whereas the steric hindrance effect will tend to retard it. By analogy with the results of 
Dostrovsky, Hughes, and Ingold (loc. cit.) we expect the electronic effect to be most important 
near the beginning of the series and the steric effect most important for the highly substituted 
members. As a consequence the highest reactivity for nucleophilic substitution at 4 may be 
found in a member somewhere along the series and not necessarily at one of its ends. The 
case of the chloroacety! acetates is, however, different from that of the §-methylated ethy! 


the mixed anhydrides have the alternative centre of substitution b 


a b 
C1,C-CO-O-CO-CH, 
(i.4., replacement of the trichloroacetate group in acetyl trichloroacetate instead of the 
replacement of the acetate group in trichloroacetyl acetate), and in the competition of the two 
halves of the molecule for the nucleophilic reagent steric hindrance will favour position b 
relative to a4. The combined operation of the electronic and a steric influence in opposition to 
each other will therefore explain the observed sequence of chloroacylation ratios : 


In comparing various acetic anhydrides by means of the chloroacylation ratios 
in benzene it must be appreciated that the “ reference half" of the molecule (i¢., the acety! 
group) is not really constant throughout the series, since the electronic effect in the other half 
will be transmitted to it, though somewhat weakened. 

The chloroacylation ratio of acetic a-chloropropionic anhydride is readily intelligible on this 
basis. Steric hindrance by the two groups, methyl and chlorine, may be of the same order of 
magnitude as that of the two chlorine atoms in acetic dichloroacetic anhydride, but the 
electronic effect of the methyl group tends to hinder substitution in opposition to the effect of 
the chlorine atom. The ratio is therefore appreciably lower than for acetic dichloroacetic 
anhydride. 

On the other hand, the cases of acetic 6-chloropropionic anhydride and acetic y-chlorobutyric 
anhydride call for special comment, In both these anhydrides the chlorine substitution might 
be thought to be sufficiently far removed from the centre of the replacement reaction not to 
cause any compressional increment in the energy of activation of the reaction, so that the 
chloroacylation ratios should follow the sequence dictated by the magnitude of the positive 
charge on the carbonyl-carbon atom of the chloroacy!l group; an indication of this sequence 


halides, in that the latter compounds cannot undergo any alternative substitution reaction at 
a carbon atom other than that at which the replacement reaction is sterically hindered, whereas 
ClCH, CO-O-CO-CH, Ci,CH-CO-O-CO-CH, CH,CO-0-CO-CH, 
61 2:3 1 0-08 
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should be given by the acid dissociation constant of the parent chioro-aliphatic acid. However, 
on this basis the chloroacylation ratios are in the wrong order, the discrepancy being 


experimentally significant. It is of particular importance that both ratios are less than unity, 
a tact which is unintelligible if there is no steric hindrance. It is suggested that the lowered 
reactivity of the chloroacy!l group is due to the internal screening of the reaction centre through 
electrostatic interaction between the chlorine atom and the positive end of the carbonyl! group 
dipole. 


It may well be that the mixed anhydrides for which this effect makes the most significant 
contribution to the free energy of activation of the reaction are the acetic phatic 
anhydrides, since the “ locked " configuration (A) will involve a greater loss of entropy in the 
case of longer chains. It is impossible to specify whether the retardation caused is only due 
to reduction of the effective positive charge on the carbon atom through induction across 
space (the old “ direct “ or “ field effect ’), or whether it should be regarded as brought about 
by the blocking of the direction of approach of the nucleophilic reagent by the chlorine atom. 
Any similar interaction between the chlorine atom and the carbonyl-carbon atom of the more 
remote acetyl group will presumably be much smaller, but it is not possible to say how 
important this is, Neither can we assess whether a certain portion of the “ steric hindrance 
im acetic «-chloro-aliphatic anhydrides should be regarded as a field effect acting in addition 
to the « energy effect discussed by Dostrovsky, Hughes, and Ingold (loc. ci#.). 

(b) Chloroacylation Ratios in Acetone~W ater.—As was mentioned in Part I, there is a strong 
dependence of the chloroacylation ratio on the nature of the solvent and we have considered 
two interpretations of this effect. One of these which assumes a change of reaction mechanism 
is, however, rendered improbable by the kinetic evidence of Part Il. The second explanation, 
which follows, is based on steric solvent effects which are thought to arise in a similar way to 
the steric factor which appears in the structural influence on chloroacylation ratios in benzene 
solution and which was discussed in the preceding section. 

We envisage the geometry of the transition states for the two acylation reactions of aniline 
as follows : 


Nowy 


The two transition states are very similar and changes in their electrostatic solvation—which 
will be important to the stability of both structures—are unlikely to bring about a reversal of 
their relative stabilities. A change in solvent, insofar as its effect on the transition state is that 
of a solvating dielectric, should therefore make both transition states either more or less stable, 
although probably not to the same extent. Thus it will modify the value of the chloroacylation 
ratio but it is unlikely to change it from >1 to <1. 

The transition state for chloroacetylation involves the possibility of steric repulsion (or 
interpenetration) between the chlorine atom and atoms in the amine molecule and acetate 
group. This repulsion would be greater than any analogous effect in the transition state for 
acetylation where the smaller hydrogen atoms of the methyl group would be involved. Taking 
account of the relevant distances of the atoms concerned, it seems probable that there will 
not be much steric strain in either transition state, and it is only when several large atoms are 
attached to the carbon atoms adjacent to the seat of substitution that the effect will assume 
any great importance, as discussed above. 

However, it is now suggested that steric hindrance may also make itself felt if solute-solvent 
attraction increases the size of the amine molecule. Such interaction would presumably be 
unimportant for solutions in benzene. In the presence of water, on the other hand, we may get 
solvation of the amino-group through hydrogen-bonding. This seems quite plausible when we 
consider the enhanced solubility, in water, of an organic molecule after the introduction of an 
amino-group. The amine is also likely to form a hydrogen-bonded complex with acetone, 
since intramolecular hydrogen-bonding between amino- and carbony] groups is well established. 


CH,~CH, 
f 
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With a fair excess of acetone most of the amine may, in fact, be associated with acetone. If 
solvent molecules become attached to the amine in this manner, we may now find that the 
transition state is sterically strained, i.¢., that there is interpenetration of the solvated-amine 
part and the substituents on the a-carbon atom of the anhydride portion : 


The solvent attachment would, therefore, favour reaction at the less heavily substituted 
half of the anhydride. This effect may be accentuated by the higher degree of solvent orientation 
around the more polar, substituted half of the anhydride molecule. The discrimination may 
become even more marked if solvation of the amine causes a higher electron density at the 
nitrogen atom, as would be expected if the solvation is due to hydrog ng from one of 
the hydrogen atoms of the amino-group. In that case the acylation of the solvated amine will 
be more rapid than that of the unsolvated molecule, provided that steric hindrance does not 
nullify this increased reactivity. 

would depend on the power of the solvent to 


speculation. If this, or a similar, in’ is correct, it would mean that the reversal of 
the chloroacylation ratio is merely due to a minor specific medium effect which assumes a 
decisive réle in the case of its differentiating operation towards two reactions which are very 


nearly equally important. 
Experimental results similar to those found for acetic chloroacetic anhydride have been 
observed for other acetic h liphatic acid anhydrides. Again the chloroacylation ratio 


appears to decrease with increasing polarity of the solvent, but the effect is absent or not 
marked for those anhydrides which give a low chloroacylation ratio even in benzene. However, 
this conclusion must be accepted with some reserve since small chloroacylation ratios are liable 
to larger percentage errors. 

(c) Velocities of Acylation and Hydrolysis.—It was pointed out in the preceding two papers 
that both these velocities are complicated, since they express the sum of different reactions. 
They do not, therefore, correspond to comparable processes in all cases. However, one would 
still expect an orderly sequence in these velocities, following the electronic effect of the varying 
group, provided that the substances are sufficiently closely related structurally. Indeed, we 
find a parallelism between the rates of hydrolysis and the acid dissociation constants of the 
parent chloro-aliphatic acids. 

We have interpreted the fall of the chloroacylation ratio along the series of acetic a-chloro- 
data show that the velocity of chloroacylation in acetone-water—which, on either of our 
mechanism—still rises throughout the series, which may appear to contradict the idea of steric 
hindrance. This apparent contradiction does not arise if the steric explanation of the low 
chloroacylation ratios in heavily substituted anhydrides is put, more correctly, in a somewhat 
modified form. When a-chlorine atoms are introduced into one half of the anhydride molecule 
there is electronic activation of both carbonyl positions. However, since the nearer potential 
reaction centre is sterically hindered by this same substitution, the activation is more noticeable 
at the more remote carbonyl position, in spite of the fact that the electronic effect is actually 
weaker there. This is illustrated by a comparison of the eighth and the ninth column of Table I. 
Both halves of the molecule are seen to be more reactive than in the unhindered anhydride but 
the increase in reactivity is greater in the unsubstituted half. 

(d) Values of the Ratio k,/k,.—It may be noted that this ratio appears to increase fairly 
systematically with the reactivity of the anhydride (i.¢., its rate of hydrolysis or acylation), 
both for mixed and symmetrical anhydrides (Tabie I, and Part II, Table III). This observation 


attach itself and on the geometry of the complex formed, and no direct significance would 
attach to the apparent functional dependence of the chloroacylation ratio on the dielectric 
constants of the particular solvent mixtures employed. In the absence of any tangible evidence 
of the structure of these complexes we shall not attempt to elaborate this hypothesis by further 
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probably constitutes the strongest single item of evidence against a mechanism of acylation by 
acetic chloro-aliphatic anhydrides through intermediate acylium ions. In an ionic mechanism, 
the reactions of the mixed anhydrides studied by us would in every instance be the result of 
attack by the same species, viz, CHyCO*. The ratio of the reactivities of this species for amine 
and for water should then be independent of the nature of the other half of the molecule which, 
as anion, would take no direct part in the reactions. For ionic mechanisms of the reactions of 
these mixed anhydrides, 4, /4, should, therefore, be constant. 


Kowo’s Cotrece, (Received, January 24th, 1950.) 


300. Lead Alunite. 
By Henry Basserr. 


A of lend contains 40% of 


positions can be vacant. 


replacement of a very varied character can occur (Hendricks, Amer. Min., 
pomnae 22, 772). Such replacement can be of the simple type (K" by NH,’, Na’, Rb’; Al™ by 
Fe") or of a compensatory nature. The latter type of replacement is found in some minerals 
of the alunite group which contain lead, strontium, or barium in place of alkali metal. The 
extra positive charge of the bivalent metal is balanced by replacement of some of the SO,” by 
PO,” of AsO,”. Hinsdalite, Pb(Al,(OH),)(SO,)[PO,) is of this nature. Plambojarosite is 
considered by Hendricks to be Pb[Fe,(OH),|,/SO,), with one of the potassium positions vacant. 

The Al(OH), or Fe(OH), is part of an endless band of AlO, or FeO, octahedra in which 
each Al or Fe ion is surrounded by four hydroxyl ions and by two oxygen atoms of SO, ions. 
The latter are in trans- positions in the octahedra which are joined by their edges, two hydroxy! 
ions being shared by two octahedra. 

Hendricks showed that one of the six hydroxy! ions could be replaced by a water molecule 
bet as the (Al,(OH),H,O) group carried four positive charges no potassium ion is required to 
balance the charges on the two SO, ions. The place of the potassium in the crystal lattice is 
therefore taken by another water molecule. 

According to the results of Bassett and Goodwin (J., 1949, 2254) more than one of the six 
hydroxy! ions can be replaced by water molecules if one of the three octahedral 

contains no Al or Fe. There originate in this way compounds such as 
and 
Most members of the alunite group containing Pb”, Sr, or Ba™ contain phosphate (or arsenate) 
in addition to sulphate, but it would seem from the above that a compound 
AL (OH), (H,0),)'SO,), should be obtainable and be a true alunite. The existence of this 
compound would give strong additional support to the view that vacant octahedral positions can 
occur in the alunite lattice. 

A preparation has been obtained which according to the analysis contains about 44% of 
alunite with the above formula, the remainder consisting chiefly of H,O{Al,(OH),H,O)/SO,),. 
It gives an excellent X-ray diagram of alunite and is much less soluble than is lead 
just as the normal alanites are much less soluble than the alkali-metal sulphates. 

It is possible that some modification of the preparative procedure might give a 
product with a composition nearer to that of pure Pb{Al,(OH),(H,O),)(SO,),. This 
is not at all certain, however, since isomorphous replacement by H,O/Al,(OH),H,O}/SO,), and 
H,O/ Al, (OH),(H,O),)}[ANMOH),), occurs so readily. The author is not able at present to carry 
out further experiments to settle this point. 

Attempts to prepare calcium, strontium, and barium alunites in a similar way to the lead 
compound gave products which are probably mixtures of the desired alunites and the 
corresponding sulphates. It has not been possible to attempt to separate these. 

Similar experiments with basic aluminium sulphate solutions to which manganese, nickel or 
cadmium salts had been added gave relatively small amounts of precipitates consisting of the 
glassy solid of Two-liquid System I of the system Al,O,-SO,-H,O (Bassett and Goodwin, 


| 
§ 
4 
q 


11950) Bassett: Lead Alwnite. 


equivalent to only 1-9% of 
residual material ap 
No prisms of lead su 


that there had been no 
uring hydrochloric acid. 

Oring to its insolubility in hydrochloric acid the lead alunite (air-dried) was 
analysed as follows : It was for 15 tes with sodium carbonate (1-5. in 15c.c, of water 
for 0-2 g. of lead alunite), the mixture being well stirred and crushed several times with a glassrod. After 
the 15 minutes’ boiling the mixture was diluted with boiling water (65 c.c.), allowed to cool, and set 
aside for 4 hours before filtration, and washing, with decantation, with about 100 c.c of water. Solid 
Se most of the solid still remained and 10 ¢.c. of hot 
ny a loric acid were poured through the filter into the beaker. This was sufficient to dissolve the 


os attack of the alunite had been complete. 
fram lead carbonate was acidified with 2~n-hydrochloric acid and a further 
15 c.c. were added to the 200 c.c. of solution before precipitation of the sulphate. After removal of 


excess of barium from the barium sulphate filtrate the alumina in solution tthe ted com with 


ammonia and weighed as Al,O, after ignition at 1000—1100°. The precise nature of lead compound 

obtained by the digestion with sodium carbonate is uncertain. It contains both lead 

carbonate but also more than half of the alumina originally present in the lead alunite. The lead in the 

acid solution was converted into sulphate Pam evaporation with sulphuric acid, and the lead sulphate 

filtered 6 ne ee See crucible after drying at 100°. The alumina also 
with ammonia in 177; Aly, 299; SO as Al, 
This co by analysis was: PbO, 17-7 a a (by differ 

17-7%,. composition can be expressed convenient! eee in terms of the mixture of 


solid is to be regarded essentially solid solution with random distribution of 


The X-ray examination of the lead alunite was made by Dr. G. B. Greenough, to whom I express 
my thanks. 


Deraxtwent, Messes. Peter Spewce Sows Lrv., 
Wipwes. (Received, March 16th, 1960.) 
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was actually analysed. It 
ionic radii of these three 
metals are not greatly different from those of the alkali and alkaline-earth metals and for that 
reason it seemed worth while to see whether they could yield alunites. If these existed they 
would probably be soluble with difficulty in acids. : 
A basic aluminium sulphate solution was from »-sulpheric acid (100 c.c.), aleminium 
This is the amount of lead nitrate which would have been to precipitate all the Al,(OH),SO, 
The mixture was heated on hot plate to about 75° 
replacement of water lost by evaporation. filter 
paper on a Buchner funnel and washed with water (75 c.c.), followed by rectified spirit (25 c.c.), 
Jader mucroscope a mixture of very minute 
lead sulphate and minute square crystals of alunite. X-ray , 
po egg Treatment at room temperature with 2n-hydrochloric acid removed all the free lead F 
sulphate. Extraction of | g. of the solid with 25 c.c. of the 2n-acid for 3} hours removed lead sulphate 
representing 26-6% of the — solid, and a further 25 c.c. during 24 hours removed a further quantity 
original solid. The extracts contained only a trace of alumina. The 
to consist of very minute square crystals with a high double refraction. 
uld be detected. It gave an excellent alunite X-ray diagram which showed 
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301. Oxidation of Aldehydes in the Gaseous Phase. Part III. The 
Inhibition of the Oxidation of Acetaldehyde by Nitrogen Peroxide 
(Diozide). 


By C. A. and J. H. Tuomas. 


of acetaldeb and is shown that this compound acts as a strong 


rom treatment of tna type of awn that the mation 
process is a bimolecular reaction b and oxygen. To account for the 


ee ae of this reaction it is suggested that the initiation 

theoretical treatment outlined 
which with the 


litre* sec.* at 141°. 


inhibited by small quantities of nitrogen peroxide, and that the inhibition is characterised by a 
long induction period during which there is practically no change in pressure. At the end of 
this induction period the pressure falls and the rate of decrease soon becomes approximately the 
same as that for the uninhibited reaction. The inhibition of a reaction by small quantities of 
foreign compounds shows that it is characterised by having a chain mechanism; and by a 
concerning the underlying chain processes (Bickstrém, J. Amer. Chem. Soc., 1927, 49, 1 
Meddel. K. Velen. Ahad. Nobelinst., 1927, 6, Nos. 15, 16; Alyea and Backstrém, /. on 
, 1929, 51, 90; Hinshelwood, “ Kinetics of Chemical Change,” Oxford, 1940; 
Semenoff, ‘ Kinetics of Chain Reactions,” Oxford, 1935). 
The rate of an inhibited chain reaction can be written as 


where 7, rate of initiation of chains, 7, = rate of propagation of chains, 7, = rate of 
termination of chains by normal process, and 4,/ — rate of termination of chains by inhibitor 
of concentration /. 

From equation (1) it is seen that a linear relation exists between the reciprocal of the rate 
of an inhibited reaction and the concentration of the inhibitor. Pease (J. Amer. Chem. Soc., 
1933, 65, 2753) showed that ethy! alcohol inhibited the gas-phase oxidation of acetaldehyde and 
found that the inhibited reaction obeyed this linear relation. 

From equation (1) it is also possible to obtain a simple relation between the induction period 
and the concentration of inhibitor in the case of a strongly inhibited reaction. The length of 
the induction period + will be inversely proportional to the rate of reaction R; then from the 


above equation we have 


where K is a constant for the particular reaction. Thus a plot of + against J should be 
linear. 

In Fig. 1 we have plotted the induction period + against the initial concentration of the 
nitrogen peroxide for several temperatures, and it is seen that the linear relationship is obeyed, 
thus proving beyond all reasonable doubt that the gas-phase oxidation of acetaldehyde is a 
chain reaction. At the end of the reaction all the brown colour of the nitrogen Aa penn 
initially present has disappeared, showing that the inhibitor, or some compound derived from 
it, does in fact react with the radicals produced in the chain reaction. 

Since in the uninhibited reaction there is practically no induction period (see Part I) and the 
pressure decreases from the start of the reaction owing to the formation of peracetic acid, the 
only reasonable interpretation of the induction period produced by nitrogen peroxide is that it 
is preventing the formation of peracetic acid and so it, or some compound derived from it, must 
react with the chain initiator. 

One can make use of this linear relation between the induction period and the initial 
concentration of the inhibitor to investigate the nature of the initiation reaction in the oxidation. 
From equation (1), the fraction of chains terminated by the inhibitor will be 4,//(r, + 4,1), 80 
if one molecule of inhibitor is consumed for each chain terminated, the rate of disappearance 


the inhibitor will be 


[1950] Aldehydes in the Gaseous Phase. Part III. 1463 


If the compound under investigation is a strong inhibitor, as is nitrogen peroxide in this system, 


chains. 
Integration of equation (4) gives 


where J, and /, are, respectively, If at the 
end of the induction period, i.¢., when ¢ = +, all, or most, of the inhibitor is consumed, J, > /, 
so I, — 1,0 1, and we can write 


to be obeyed approximately in the cases of the inhibition of the liquid-phase oxidation of 


Fre. 1. Fro. 2. 
‘aniation of induction with Variation of rate of with 
| 


T 


s 
T 


Induction period (T mins.). 


Pro,» ™m Pony Po,* 10 


tetralin (George, Rideal, and Robertson, Proc. Roy. Soc., 1946, A, 185, 288) and of the 
polymerisation of styrene and other monomers by quinones (Foord, J.. 1940, 48; Goldfinger, 
itn aae Physical Chem., 1943, 47, 578; Melville and Watson, Trans. Faraday Soc., 
948 886) 
Bodenstein (Sitzingsber. Preuss. Ahad. Wiss., Phys.-Math. Ki., 1931, III, 1) gave the 
ing reactions for the initiation of the oxidation of acetaldehyde : 


(B) 

by the CH, +0, = CH,CO + HO, ( 
. 


The initiation step also proposed earlier by Keyer and Neumann Physicoshion., 


Equation (6) can be used in the following way to decide between the unimolecular process 
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given by Bodenstein and a bimolecular initiation process such as that suggested by us. If we 
determine [,/* for a series of mixtures with different aldehyde/oxygen ratios, for the former 
case we should have a linear relation between J,/+ and the concentration of the aldehyde, 
whereas if the bimolecular process is correct, we should only obtain a linear relation between 
1,/* and the product of the concentrations of acetaldehyde and oxygen. 
ping the amount of inhibitor approximately constant. Col. 3 gives the product 
~~ 6 the corresponding value of /,/t. 


Taste I. 
Effect on the induction period of varying the aldehyde oxygen ratio in mixtures of acetaldehyde, 


Temperature 125-7". 
(CHyCHO}), mm. {O,), mm. [CHyCHO)[O,) x mm. 7, mins. 
186-8 2 


These results show clearly that /,/+ does not vary linearly with the aldehyde concentration. 
A plot (Fig. 2) of /,/+ against the product [Aldehyde)(Oxygen), yields a straight line, showing 
that the initiation process in the oxidation of acetaldehyde is a bimolecular reaction between 
oxygen and acetaldehyde and also confirming the above theory. : 

It was stated earlier that at the end of the induction period the pressure dropped and 
continued to decrease at a rate approximately the same as that for the uninhibited reaction. 
Closer examination of the rate of decrease of pressure after the induction period as a function of 
the amount of nitrogen peroxide originally present in the mixture brings to light certain 
interesting features. In Table IT are given the induction periods and the rates of the subsequent 
decrease in pressure, represented as 1 /t,9.4¢ (i.¢., the reciprocal of the time for the pressure to 
fall from 10 mm. to 50 mm. below the original value), for a particular mixture of acetaldehyde 
and oxygen with different amounts of nitrogen peroxide added. 


Taste Il. 
Effect of matrogen peroxide concentration on main reaction. 
Throughout these experiments pressure of acetaldehyde — 103 mm., pressure of oxygen = 107 mm. 
Temperature 121°. Temperature 141°. 


In Fig. 3 we have plotted 1/1,,..¢ against the pressure of nitrogen peroxide added. The 
curves show that nitrogen peroxide, or a product derived from it, has a catalytic effect on the 
reaction following the induction period up to about 3 mm. or 1°3% of nitrogen peroxide added, 
after which the rate begins to decrease. This influence of nitrogen peroxide on the main 
acetaldchyde-oxygen reaction between 110° and 140° is very similar to that observed by Kane 
(Pree. Roy. Soc., 1939, A, 171, 251) on the acetaldehyde cool flame. He found that the 
addition of small quantities of a. age had a promoting effect on the ignition of 
acetaldehyde-oxygen mixtures at 260°, i¢., the minimum ignition pressure was considerably 
lowered. Larger amounts of nitrogen Coven (greater than 3%) caused the ignition pressure 
to increase again. The time lag before ignition continued to increase with the amount of 
inhibition added. This is exactly parallel to our observations in the 110—141° temperature 
range. 


rygen, and nitrogen peroxd 
152 
1-28 
103-2 Mit 145 40 48 1-02 
113-5 1120 12-6 52 66 0-79 
103-4 110-5 52 825 0-695 
600 72 49 1746 0-282 
Induction J Induction 
period, period, i” 1” 
NO, mm. mins. min. NO, mm. mins. min NO, mm. = mins. 
0 0.0202 0 0-0383 0 0 0-0720 
4 20 08-0325 17 40 0-0422 2-5 26 0-0770 
q 37 06-0328 29 so 0-0465 33 0-0861 
q +1 12-5 00322 45 10-5 0-0467 35 35 0-0861 
O-O288 54 12-5 0-0455 40 39 0-0747 
73 218 60-0218 62 161 00327 458 45 
58 0-0693 
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The catalytic effect of nitrogen peroxide on the main oxidation reaction is 


Foord and Norrish, ibid., 1935, A, "152, 196 ; 
1941, A, 177, 303, 411, 421), ond oe. cit.), and 
monoxide-—oxygen 


of NOy om rate of main reaction. 


& 


HO,* + NO, ~ HO,+NO+0O. (Ad) 
The oxygen atom produced can, of course, start 


process. An important step, however, in our mechanism is the reaction 
CH,CO + 0, = CHyCO, . 
and this will, of course, cies to oll ani 
these are equivalent to the hot HO,® radicals shown by Dainton and Norrish to cause chain 
branching in the hydrogen-oxygen reaction. We attribute the catalytic effect of nitrogen 
peroxide on the low-temperature oxidation of acetaldehyde to the process 
CH,CO,* + NO, « CH,CO,+NO4+O. . . . « 
CHyCHO +O=CH,CO+OH... . — 
(see Fig. 3) may be due to this substance tending to combine with the chain carrier, the acetyl 
radical; or, more probably, to the excess of nitric oxide produced by reaction (A5) tending to 
inhibit the chain-branching process by reacting with the active centres. In this connection, it 
is noteworthy that nitric oxide inhibits the formation of carbon monoxide during the photolysis 
of acetone, and Anderson and Rollefson (J. Amer. Chem. Soc., 1941, 63, $16) have attributed 
this to the following reactions : 


CH,CO-CH, + hv = CH,CO + CH, 
CH,CO + NO = CH,CO-NO 


presumably due 
to small amounts of this compound which are left at the end of the induction period. This 
influence of the residual nitrogen peroxide on the oxidation is probably very similar to its 
sensitization of the hydrogen-oxygen reaction (Dixon, Trans. Inst. Min. Eng., 1930-1931, 
80, 21; Gibson and Hinshelwood, Trans. Faraday Soc., 1928, 27, 559; Thompson and 
is exactly parallel to Chamberlain and Walsh's observations (Third Symposium on Combustion, 
Flame and Explosion Phenomena, Maidson, U.S.A., : 
1948, p. 368) that small quantities of nitrogen 
peroxide raised the minimum pressure required 
for the appearance of cool flames in ethyl ether— 
oxygen mixtures, whereas it reduced the pressure ° . 
required for the appearance of the hot flame. 
Hinshelwood and Williamson The Reaction 
between Hydrogen and Oxygen,” Oxford, 1934) 7 
attributed the sensitization of the hydrogen- yer® 
oxygen reaction by nitrogen peroxide to this 
compound's causing chain branching. This sug- 
gestion was developed by Foord and Norrish (Joc. 
cit.), and more recently Dainton and Norrish (loc. 
cit.) have shown that chain branching does occur : 
by the reaction between excited HO,* radicals § 
and nitrogen peroxide thus : 
Inst. frang. Petr. of Ann. Comb. liquides, 1948, 4, 
313) have attributed the catalytic effectof nitrogen 
peroxide on the oxidation of ether and hydro- 3 ° 
carbons to the same process. They assume that j10 
excited HO,* radicals are formed during such 
oxidation processes. Though we have suggested 
(Part I) that HO, radicals are formed during the 
low-temperature oxidation of acetaldehyde, we do 
not regard them as being endowed with any excess 
energy because in our suggested mechanism these radicals are always produced by a normal 
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Rate of Initiation, and Chain Length.—Equation (6) shows that /,/+ is the rate of initiation. 
For a particular experiment at 141°, /,, the initial concentration of nitrogen peroxide, was 
1406 x 10°* mole litre, and the induction period 195 seconds; hence the rate of initiation is 
72 = 10° mole litre sec.-*. Hence, from equation (6a) we can calculate the absolute 
velocity constant for the initiation reaction. In the above experiment [CH,CHO] was 
42°2 10° mole litre, and [O,) was 41°05 x 10° mole litre*; hence 0-4 mole litre" 
With this value of 4, and the value of 13°8 keals. for the activation energy of the initiation 
reaction, we calculate an approximate value of 10®** for the frequency factor, A, in the Arrhenius 
equation = 

If we regard the low-temperature oxidation of acetaldehyde as being a simple chain reaction 
to which we may apply the stationary-state hypothesis, it is possible to estimate, 
the chain length. In the stationary state, the rate of initiation 7, equals the rate of chain 
termination 7, The overall rate of reaction R = ryg,/r,=— —dP/dt; hence, since 1, = 7, we 
have —dP/dt=r, The chain length, r,/r;,, is therefore —(dP/di)/r, = In 
the following table are given values of 1, and —dP/dt for various temperatures and the values 
for the chain length. 


Approximate chain length for the low-temperature oxidation of acetaldehyde. 


The chain length of approximately 3 thus derived is very short and is to be compared with 
the short chains in the liquid-phase oxidation of alcohols by the bisulphite radical ion (Alyea 
and Bickstrém, jvc. cif), and the low-temperature gas-phase oxidation of acetylene. The 
similarity between the oxidation of acetaldehyde and acetylene has been discussed previously 
(Bodenstein, loc. cit.; Semenoff, loc. at.). Using Kistiakowsky and Lenher’s experimental 
data (J. Amer, Chem. Soc., 1930, 52, 3785), Bodenstein derived a chain length of approximately 3 
for this reaction also. 

Discussion of the Initiation Reaction.—It is obvious from the experiments described above 
that the reaction between acetaldehyde and oxygen is a radical-chain reaction and that the 
induction period is due to inhibition by the interaction of nitrogen peroxide, or some compound 
derived from it, with the active species or chain carrier. The fact that the equation 


[Aldehyde)[Oxygen] . . . . (6a) 
is obeyed, as shown by Pig. 2, date 
a bimolecular reaction between acetaldehyde and oxygen. 

Equation (64) means that /,/+ is a measure of the rate of initiation of the oxidation, and 
the variation of this quantity with temperature will yield a value for the activation energy of 
the initiation reaction. A plot of the slopes of the straight lines in Fig. 1, i.¢., dPyo,/dt against 
the reciprocal of the absolute temperature, yields a value of 13°8 kcals./mole for the activation 
energy of the initiation reaction, In Part | it was shown that the overall activation energy for 
the oxidation of acetaldehyde was 14°2 kcals./mole, a value which has been confirmed by the 
recent work of Letort and Letort (Compt. rend., 1948, 226, 77). Hence, most of the activation 
energy for the overall reaction is due to the initiation reaction as suggested in Part I, and as 
was shown to be the case for the oxidation of formaldehyde (Axford and Norrish, Proc. Roy. Soc., 
1948, A, 192, 518). 

As indicated above, we assume the oxidation to be initiated by the reaction (C), and in 
Part I (loc, cit.) we have given evidence to show that such a process would necessarily have an 
activation energy of between 10 and 20 keals. 

The activation energy for this reaction will, of course, be approximately equal to the 
difference between the heat of formation of the perhydroxy! radical (HO,) and the dissociation 
energy of the aldehydic C-H bond in acetaldehyde. When the previous papers were written 
neither of these quantities was known with much accuracy, the former being taken as 
~60 keals. (Walsh, ]., 1948, 331). Since then more reliable data on the dissociation energy 
of the functional C-H bond in acetaldehyde have become available. We previously outlined 
evidence which showed that this was much weaker than any of the other C-H bonds in that 
molecule, and on this account we indicated that this would be the most likely point of oxygen 
attack. Further, we were able to show from the then available information that this bond 
must have a dissociation energy of approximately 70—80 keals. That the aldehydic C-H bond 


Chain ~—dP jdt, Chain 
Temp. mm/min. mm/min. length. Temp. mm.j/min. mm./min. length. 
4 110" 0-32 0-808 25 125-6" 0-62 1-01 3-08 

36 102 2-88 2-82 
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is in fact the weakest C-H bond in acetaldehyde has been proved by a mass-spectrometric | 
study of mixtures of normal and deuterated acetaldehydes by Brinton and Blacet (J. Chem. ’ 
Physics, 1949, 17, 797). That work, however, does not yield a value for the dissociation 


energy. From an independent study of the dissociation of acetaldehyde, and other acetyl 

by electron impact in a mass-spec (McDowell and Warren, to be published 
soon) it has been possible to assign a value of between 3 and 3°5 electron volts, ‘.¢., 70—80 keals. 
to the dissociation energy of this bond. Some confirmation of these estimates is provided by 
the value of 80 kcals. obtained by Carson and Skinner (/., 1949, 936) from a thermochemical 
study of the hydrolysis of acetyl halides. Thus the previous estimate of the activation energy 
for the suggested initiation reaction is seen to have been fairly correct and the agreement with 
the experimental value derived from the results given in the present paper strengthens the : 
arguments in favour of regarding it as the true initiation process for the low-temperature : 
oxidation of acetaldehyde. 


Unrverstry or Liverroot. (Received, January 24th, 1960.) 


Synthetic Analgesics. Part V. Compounds Related to Pethidine. 
By A. L. Moxrison and H. Rinperxnecnr. 


have been but was found to be 
_ pethidine have prepared none 


As a continuation of work on synthetic analgesics (Parts I—IV, J., 1044, 261 ef seg.) a number 

of new compounds related to pethidine were prepared several years ago and submitted to 

pharmacological Dut none was found to be markedly superior to pethidine (1) i analgni 
(Macdonald, Wolfe, Bergel, Morrison, and Rinderknecht, Brit, J. Pharmacol., 1946, 

1, 4). 


To simulate the phenolic group in morphine, ethyl! 4-(m-hydroxyphenyl)-1-methylpiperidine- 
4-carboxylate was prepared essentially by the method which later came to our knowledge 
through Report No. PB-981 of the U.S.A. Office of the Publications Board, Department of 
Commerce. This compound, prepared by the 1.G. Farbenindustrie at Hoechst, is known as 
bemidone. Ethyl 4-(m-acetoxyphenyl)-1-methylpiperidine-4-carboxylate was also made by us 
and characterised as its hydrochloride 

The German workers prepared a number of ketones from 4-cyano-4-phenyl-1-methyl- 
piperidine but seem to have investigated only one of the secondary alcohols which can be 
derived from them, namely, piperidine (Report PB-981). 
These alcohols can be prepared from the ketones either by reduction with sodium and alcohol 
or, as recently found, by the action of lithium aluminium hydride. 4-Phenyl-1-methyl-4- 
(l-hydroxyethyl)piperidine and and the 
corresponding acetyl derivatives were prepared. Contrary to the experience of May and 
Seeks ee Org. Chem., 1948, 13, 459) where it was found that, 

the secondary alcohol obtained by reduction of amidone was inactive, the acetyl derivative was 
at least as active as the original ketone, it was established that the secondary alcohols were much 
less active as analgesics than the parent ketones, but that formation of acetyl derivatives did not 
restore completely the analgesic activity 

Ethyl y-dimethylamino-a-phenyl-a- “methylbutyrate (Il), obtained by alcoholysis of the 
corresponding nitrile, was made to determine if the intact piperidine ring was necessary for full 
analgesic action in the pethidine series, but it was found to be practically inactive. 


Ph 

Recently Thorp and Walton (J., 1948, On 
allylpiperidine-4-carboxylate by allylation of norpethidine. This compound, in view of the 
work of Hart and McCawley (J. Pharm. Exp. Ther., 1944, 82, 339) and of Unna (ibid., 1943, 79, 27) 
on N-allyinormorphine, had been of interest to us for some time, and it was found that it was 
readily prepared by alcoholysis of the corresponding nitrile, which could be made either by 
condensation of 1 : 5-dichloro-3-cyano-3-phenylpentane with allylamine or by condensation of 
benzyl cyanide with di-(2-chloroethyl)allylamine. The latter compound was readily formed by 


1468 Morrison and Rinderknecht : Synthetic Analgesics. Part V. 


the action of thiony! chloride on di-(2-hydroxyethyljallylamine (Ford-Moore, Lidstone, and 
Waters, J., 1946, $19) which was made by the action of ethylene oxide on allylamine. 

It is well known that in the series of esters of 4-pheny!-1-methylpiperidine-4-carboxylic acid 
the optimal] analgesic effect is found in the ethyl ester (pethidine). It was of theoretical interest 
to determine if this relationship also held with thio-esters. Ethyl and methyl 4-phenyl-1- 
methylpiperidine-4-thiocarboxylate were prepared and it was found that, although both were 
less potent than pethidine itself, the methy! ester was slightly more active than the ethy! ester. 


EXPERIMENTAL. 
and obtained as an oil, b. p. 134—136° mm. 1— (Found : 652-1: 
H, 46; requires C, 52-3; H, 46; N.163 
(m-Hydroxy Acid.— above nitrile (2 g.) was heated at 


with 


acid was distilled under reduced 


(decomp ox) After drying in a vacuum at 50° over ic oxide for rs it still 
con more than | mole of water (Found: C, 60-4; 71; N,@1. Cale. for C,,H,,O,N.H,O : 


C, 61-46; HL 7-5, 55% 
Ethyl 4-(m-Hydroxyp above acid was esterified 
by being heated for 4 hours with a saturated solution of h chioride in ethanol ( 


ml.). The ester 
was obtained as a solid, m. Py 110°, which was converted into the hydrochloride, m. p. 173-—174° (70 
(Found: C, 006; H, 72; C1, 120. Cale. fon Ch: 73; N. +7; 


Acetylation of ester with acetic anh 
H, 74. 41%). 


dissolved in ethy! mi.), sodium (4 g.) in small portions, and the solution then heated 
at 120° for 2 hours. “On eddition of water and extraction with ether the sec alcohol was obtained 


as a solid which, p. 6080"), had m. p. 123-6124". (6) Reaction 
of the ketone (7-5 g.) in dry ether (50 ml.) with lithium aluminium anhydride (0-3 g.) during 3 hours in a 
ON requires C, 76-7; H, 06; N, 64 The acetate action of acetic 
mae yridine solution of the alcohol, was a liquid, b. p. 114—1 to (Found : ots 73-7; 8-9; 
wires C, 73-6; H, #8; N, 5-4 
1. methyl - (1- hydroxypropyl) piperidine.——A solut + 
ime (8 g.) in dry ether (20 mi.) was added to a stirred solution 
25 g.) in dry ether in an atmosphere ne woul wy the oe mixture left at room temperature for 3 


the product was worked up in the u ondary alcohol was a asa viscous of 
b. p. 126-127" /0-7 mm. (80%) (Pound : N, 5-9. JH YON requires 60 
was an oil, b. p. 198—142°/0-8 mm. (Found: C, ty $75; N, 5-25. ON requires C, 74-2; 


H, 90; N, 51%). 

Dimethyl 3. yano-3- phenylbutylamine —-1- cyanide (13-6 g.) and dimethy!-2-chloroeth 
amine (10-4 g.) were dissolved in toluene (100 ml.), and sodamide (3-4 g.) was added grad 
with stirring. The solution was heated under reflux for } hour and after Te 4 worked up in the normal 
manner to give the wifrile as an oil, b. p. 146—-150°/12 mm. (Found : C, 76-0; H, 9-3; N,13-7. C,H, .N, 
requires C, 77-3; H, N, 13-0%). 

Ethyl y Dimethylamino-a-phenyl-a- -methylbutyrate.—The above nitrile (5 g.) was heated with a mixture 

of 98% sulphuric acid (4 mi.), water (0-08 ml.), ethy! alcohol (13-9 g.), and ammonium chloride (1 g.) ina 

tube at 100° for 7 hours. _ ester was obtained as an oil, b. p. 170-—175°/13 mm. (Found: N, 
61. C,H uires N. 5-6 Tt formed a crystalline m. p. 141—143° (Found : N, 
375; I-, regal N, 3-7; 33-7%). 

4-Cyano l-allylpiperidine.—(a) C rude 1: 5-dichloro-3-cy (42 
prepared from the corresponding dialcoho! (32 5). was heated with all ine ( § in in tmacthyteted 

rits (50 ml.) at 130-——140° for hours. The basic product gave an b. mm. 
veld id), the pierate of which had m. p. 204-—206° when recrystallised from C, 566-2; 

47; N. 16-4. Cy,M,O,N, requires C, 56-2; H, 46; N, 15-0%). 

(6) Allylamine (hs g.) in water (25 ml.) was cooled to 0° and ethylene oxide (30 ml.) gradually 
added. The sudden rise in temperature could be controlled by addition of ice to the reaction mixture. 
When all the oxide had been added, the pressure flask was 5 
16 boers. Fractionation of the ous solution gave di-(2-h ee b. p. 149-——150°/15 
mm. in 70-80%, yield (Found 58-3; H, 10-4; N.O3 Cale. : C, 57-9; H, 10-3; N, 
965%). Condensation of undistilled di- (2-chloroethy!)allylamine (5-4 g.) with benzyl cyanide (3-5 g.) in 
preseace of wy in the usual manner gave 4-cyano-4- y!-1-allylpiperidine, characterised 
as its picrate, m. -- 

vipsperidine-4-carborylie Acid.—The above nitrile (3 ¢g.) was heated at 135—140° with 
a mixture of sulghuric acid (5 g.) and water (1 ¢.) for | hour. The reaction mixture was poured into 
excess of ice-cold sodium hydroxide solution, which was then extracted with ether and saturated with 
carbon dioxide, wherew the ectd was precipitated. After recrystallisation from aqueous alcohol it 
had m. p. 245-248". It still contained one mole of water after oi bee: ib C, 68-3; H, 
TT; 1-06 (Wijs). requires C, 68-5; 


» 
mxiius ute ‘ et ar mn dioxide passe in aqueous solution, 
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obtained as an re mpl 135°, from alcohol (Found : 
C, 54-8; requires C, ; HL &2; N, 11-2%). ‘ 


dioxsde-acetone of 
off with carbon dioxide, an ice-cold solution of sodium b added, and the mixture extracted with 
ether. The ethereal solution gave the thic-ester as an oil, Sage eee (Found : A 


H. 8&1; N,&2. C,,H,.ONS requires C, 68-5; H, 80; N, 5-3 

acetone, had m. p. 197-——-200° (Found: Ci~, 113. C, requires 

ester was umilarly from methanethiol, except 
Roy, was obtained as ofl. mm. (Found C, 67-5; H, 746; N, 


H,,ONS C675. N, 86%). The from acetone) had 
(ound: 12-0. Cy ONSCi requires 199% 


Derartuent, Rocus Propucrs Luarep, 


Crtv, Hears. (Received, February 16th, 1950.) 


Synthetic Analgesics. Part VI. The Synthesis of Ketobemidone. 


By A. W. D. Avison and A. L. Morrison, 


Tue analgesic drug, 4-m-hydroxyphenyl-1 1 ethyl ketone (VI; R = H), 
was reported to have been made by Eisleb and his colleagues in the laboratories of the 
1.G. Farbenindustrie at Hoechst during the war (U.S.A. Office of the Publications Board, 
Department of Commerce, Report No. PB-961). Under the name ketobemidone (Hoechst 
No. 10720) it has received pharmacological and clinical investigation (Kirchoff, Fed. Proc., 
1948, 7, 234; Lewis, J]. Pharm. Exp. Ther., 1949, 96, 410; see also J. Amer. Med. Assoc., 
1948, 1388, 975), being about ten times as active as pethidine. No details of the synthesis or 
physical properties of the compound were available at the time of carrying out this work. 
However, very recently Kagi and Miescher (Helv. Chim. Acta., 1949, 32, 2489), who refer to F.P. 
897,453, which we have been unable to consult, described its preparation by first condensing 3-di- 
methylamino-1-(m-methoxyphenyl)propyl cyanide and 1-chloro-2-bromoethane in the presence 
of sodamide to give 4-cyano-4-(m-methoxyphenyl)-1 1-dimethylpiperidinium chloride. This 
salt was then treated with ethylmagnesium bromide, and methyl chloride removed from the 
resulting ketone by the action of heat. Demethylation gave (VI; RK - H) which the Swiss 


workers call “ Cliradon.” 
| 


(It) 


(VL) 


We decided to prepare the ketone by a Grignard reaction on the nitrile (V), which Kagi and 
Miescher obtained by the action of heat on its methochloride, with suitable protection for the 
phenolic hydroxyl group. 

the preparation of (V), we used the rhodanine method starting from m-methoxybenzaldehyde 
(cf. Julian and Sturgis, ]. Amer. Chem. Soc., 1935, 57, 1126). This gave m-methoxybenzylidene- 
rhodanine (I) and thence m-methoxyphenyl-a-thiopyruvic acid (Il) and the oximino-acid (III). 


(1950) 
to a weil-cooled mixture of othansthial (6 g.) and pyridme (4 The mixture was 
30S, 
Ketobemidone (Hoechst 10720) has been prepared from =-methoxybenzy! cyanide by 
condensing it with methyid:-(2-chloroethyl)amine in the presence of sodamide, submitting the 
derivative to a Grignard reaction, and demethylating the product 
with ic acid. 
att) 
H 
<N \7 
by CH, 
R R RNG, 
(Tv) (v) 
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This was not easily isolated in good yield, but the crude product with acetic anhydride 
underwent dehydration and decarboxylation to give the required m-methoxybenzy! cyanide 
(IV; K — Me) in 562% overall yield from the aldehyde. 

Treatment of (IV; R — Me) according to Washington Report PB-981, p. 85, with methyldi- 
(2-chlorcethy!)amine resulted in 4-cyano-4-(m-methoxypheny!)-1-methylpiperidine (V ; R = Me). 
Ethylmagnesium iodide converted this into the ethyl ketone (VI; R — Me) which was readily 
demethylated with aqueous hydrobromic acid to ketobemidone (VI; R = H). 


EXPERIMENTAL. 


m-N itrobensaldsehyde.--When a mixture of potassium nitrate and concentrated sulphuric acid was 
used for the nitration of benzaldehyde according to Ehriich (Ber., 1882, 16, 2010) the reaction mixture 
thus preventing stirring and making it 
with more than a few atatime. The following method was found satisfac 
ated sulphuric acid (850 ml.) was treated with concentrated nitric acid (AnalaR; 500 j 
with cooling. rea (1-0 g.) was added and the well-stirred mixture cooled to 0°. benzaldehyde 
) was now added at such a rate as to keep the temperature of the reaction mixture between 0° and 
hours. The mixture was then 
added to crushed ice (ca. 2 kg.) and the filtered and washed 
with water and finally with light petroleum (b. p. 40-60") yield of crude m-nit 
recrystallisation from ether-light petroleum sufficed to purify 
Ehrlich. For large quantities the crystallisation was best carried out with aqueous acetic acid 
m Methoaybonsaldehyde.— The m-nitrobenzaldehyde was reduced in 100-g. batches by the method 
described in Synth. (25, 55) and converted into in yields which were 


usually below 40%. The latter was methylated according to yy oesmith (/., 1922, 1306). 
m- M (1) —m-Methoxybenzaldehy rhodanine (s3- 2g.) were 
The mixture was bled gently under rut with for sodium acetate (120 g.) added. 
The mixture was boiled owe under reflux with minutes. The reaction mixture was 
poured into cold water (2 bs Ea the yellow solid product (92 ) isolated by filtration and washing 
with water, alcohol, and finally with ether. The compound i was practically pure, having 
am. p. of 227- te The ana! | specimen crystallised from nitrobenzene in yellow plates, m. p. 
(Found, C, 62-6; H, N_5-7. C,,H,O NS, requires C, 52-6; H, 3-6; N, 5-6%). 
m-Methosypheny!- ).—-The above derivative (23 g.) was heated 


15% aqueous sodium hydroxide (117 ml.) on the water-bath until all had dissolved and then for a further 
15 minutes. Cooling in an ice-salt mixture and rapid addition of 10% hydrochloric acid (117 ry 


m. p. 0-- Recrystallisation from ¢ raised the m. p. to 98-——-909° C, 570; 
46; 8,161 Celt 57-1; H, ). ia 
2-Ovimino-f m-methoxyp Npropionic Acid (I11).—Hydroxylamine i 
water (10 mul.) was odded to 0 cclation of sodinas (9-8 6.) in alcoho! ( mil.). After removal of 


the sodium chloride by filtration, the solution was added to m- sandhamuiaiaunghsiienmeste acid 
10-5 g.) and the mixture boiled for 3 hours. Concentration in eacwo gave a semi-solid residue 
su went work this was used directly for conversion into the nitrile) which was dissolved in 
‘2n-sodium hydroxide. Acidification of this solution precipitated the oxime as a gum which > ee 
crystallised when rubbed and cooled. Ether-extraction of this semi-solid (leaving some 
undissolved) and concentration of the extract gave a gum which solidified under benzen Same 
solid (3-9 g.) had m. p. 123-—125" Sart. 5 ecrystallisation from benzene raised the m. to 130— 
132° (decomp.) (Found ; C, 57-8; 7-2. CyH,,O,N requires C, 57-4; H, 5-2; N, 6-7%) 

m- Methorybenryl yanide (IV; = Me) Owing to the unsatisfactory yneid of pure oxime by the 
method described it was preferable to use the crude concentrated reaction mixture from hydroxylamine 
and the thio-acid (71-6 g.). Acetic anhydride (200 ml.) was added, with ice-cooling at first to moderate 
the vigorous reaction, and finally the mixture was warmed on the water-bath until —— L. 
ceased, Concentrating the resulting solution im eacwo, the residue in ether, abe 
dilute sodium carbonate, drying, and distilling gave the uired m-methoxybenzyl Oe5%). 5 ¢.) 
as pale yellow oil, b 140-145" /12 mm. (Found: N, 945. Cale. for C,H,ON: N, 05 

4(m- Methoryphen -4-pipersdyl ‘Bthyi Ketone (V1; R = Me) 
ethyl iodide (10 the ether used in this tion had been r ed by dry benzene (40 ml.)). 
The mixture was SP be with stirring for 16 hours and then and decom: with ice and 
ammonium chioride solution. The resulting benzene solution of the int jate ketimine was 
hydrolysed by heating it with 2~x-bydrochloric acid apices the aqueous layer had been separated and 
made strongly alkaline the required ?_ ae ted and extracted with ether. Distillation 

vea colourless oi! (2-6 30 (Found : N,5-6. Calc. for C,,H,,O,N : 

. Kégi and Miescher give b. p. 1 128° /0-02 mm., m. p. 53-—-55". 

4-(m- methyl peridyl Ethyl Ketone (Ketobemidone) (V1; R = H).—The 
ether (2:6 g.) was demethylated by boiling it with 48% aqueous hydrobromic acid (20 ml.) for 1 hour. 
The dark solution was quneemtenten im vacwo and the residu® dissolved in absolute alcohol. On addition 


crystallisation ~ether (charcoal) inc the m. p. to [ag 


for C, 68; H,@7; 43; Bro, 244%). 


[1950] Avison and Morrison: Synthetic Analgesics. Part VII. 1471 


bad ive Found: 746; Cale. for ¢ 
; &, ; a, 63-5; 
Rocus Propucrs Limirep, 
Watwyns Garpew City, Herts. 


304. Synthetic Analgesics. Part VII. Metadine and Related 
3-Phenylpiperidine Derivatives. 

of tho formed by 


produces 


1, 4) it was decided to make further compounds with the 3-phenylpiperidine skeleton for com- 

parison with the known 4-phenylpiperidines related to 

The synthesis of metadine itself was previously carried out by the hydrogenation of ethyl 
ylamino-2-cyano-a-phenylvalerate. This has now been modified so that the use 


of the benzylmethylamine is unnecessary. Ethyl 8-chloro-2-cyano-2-phenylval (}) was 
CH, CH, 


(IIL) (Iv.) ‘eh, 


by catalytic 

Cannan Final Report No. 766, p, 60) was unsuccessful. 

However, methylation proceeded smoothly and in high yield on heating of the base with 
and formic acid (Clarke, Gillespie, and Weisshaus, J. Amer. Chem. Soc., 1933, 

55, 4571). 


Treatment of metadine with ethyimagnesium iodide gave the ethyl ketone (V) in 60% yield. 
(Ciba Ltd., B.P. 614,667). As was found with the ethy! ketone corresponding to pethidine 
(Schaumann, Arch. exp. Path. Pharm., 1940, 196, 100; Macdonald ef al., loc. cit.) the analgesic 
potency of (V) was lower than that of metadine. 

In view of the high analgesic activity of 4-acyloxy-4-phenylpiperidines (Jensen +t al., Dansk 
Tidsskr, Farm., 1943, 17, 173; Chem. Abstr., 1945, 39, 2506; Lee ef al., J. Org. Chem., 1947, 12, 
$94, 904, 911) it was a necessary part of our programme to investigate the corresponding 


te “panei Owing to suspension of the work only one such compound 


This compound was obtained well the crude ketimine from the Grignard reaction 
489, The (245 ¢) was In water (13 and 
2s-ammonia (20 ml.) added to precipitate the free base, a white solid (2-2 m p. 

ethy! ketone (V). 
An improved method w described for the of 1-meth which was 
exceeded metadine in potency in rats. 
Arrer the preparation of metadine (§-pethidine) (IV) described in Part IV (Bergel, Hindley, 
: Morrison, and Rinderknecht, /., 1944, 269) and the demonstration of its analgesic activity 
ethyl 3-phenylpiperidine-3-carboxylate. The latter base was described in Part IV but the 
present method of preparation is considerably more satisfactory. Attempted N-methylation 
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has been made, viz, 3-propionoxy-3-phenyl-l-methylpiperidine (VI). The next lower 

and Vossa (J. Amer. Chem. Soc., 194%, 71, 896) but not apparently in relation to analgesic studies. 
Our preparation, though very similar, presents some features worth recording. Ethyl methyl- 
aminoacetate was prepared according to Staudt (Z. physiol. Chem., 1925, 146, 286) by the 
alcoholysis of the “ methylami tonitrile " obtained by reaction between methylamine 
sulphate, formaldeh yde, and potassium cyanide. The high boiling point of the so-called 
methyk itrile obviously pointed to a higher molecular weight than that shown by the 
simple formulation. Dalgleish and Mann (/., 1947, 658), whose data agree with our own, did not 
question the structure in spite of an enormous difference in boiling point between ethyl methy!- 
aminoacetate and the intermediate nitrile. From its analysis and molecular weight our product 
would seem to have resulted from condensation of two molecules of methylaminoacetonitrile and 
one of formaldehyde, presumably having the structure CN, 
ylaminoacetonitrile 


wh 


wi) 


Treatment of butyrolactone with hydrobromic acid (Henry, Compt. rend., 1886, 102, 368; 
Ber., 1886, 19, 165x) and esterification of the resulting acid gave a 74%, yield of ethyl y-bromo- 
butyrate, which with ethy! methylaminoacetate (cf. Prill and McElvain, J. Amer. Chem. Soc., 
1933, 55, 1233) afforded the diester (VII). Dieckmann cyclisation of (VII) with powdered 
following closely the method described by Fuson (/. Amer. Chem. Soc., 1946, 68, 1239) for 
1-methy!-4-piperidone, gave the required 1-methy]-3-piperidone hydrochloride in 86% yield. 
Thus this seems to represent an altogether simpler route to the piperidone than McElvain and 
Vozza’s improved procedure (loc. cst.) and the overall yield is appreciably better. 1-Methyl-3- 
piperidone hydrochloride with phenylmagnesium bromide and then propionic anhydride and 
pyridine gave the ester (VI). 

Analgesic tests with rats showed that this compound too had a reduced activity compared 
with metadine, illustrating that the relation between structure and activity does not follow 
parallel paths in the two series of 3- and 4-phenylpiperidine derivatives. Indeed this is not 
surprising for metadine itself does not exhibit the other pharmacological effects common to 
morphine, pethidine, amidone, and their analogues, such as respiratory depression and the 
characteristic Straub phenomenon in mice. Metadine, on the contrary, stimulates respiration 
and antagonises the morphine-induced Straub reaction (private communications from Prof. K. 
Fromherz, Department of Pharmacology, Hoffmann-La Roche, Basle, and Mr. M. W. Parkes 
of our own laboratories). Its analgesic action (and that of related compounds) may thus be 
exerted through a mechanism different from that of the morphine-like analgesic drugs. 


EXPERIMENTAL, 
and ethy yanoacetate (48 g.) with . oro-3-bromopropane (75-4 
run slowly to the solution the mixture was boiled for 9—10 hours. The 
and most of the excess of halide were then removed tm vacwo, the residue was treated with cold water, 
and the resulting oil taken up in ether. After separation and a further two cep pent of Saw 
part, the combined were hed with two small portions of water, dried, and 
bt d as a colourless oil (54-9 g., 78%), b. p. 125-—127°/0-4 


and liberated formaldehyde. This result is interesting since very recently Cook and Cox (/., 

1949, 2334), by a preparation very similar to this, isolated the expected low-boiling monomeric 
= methylaminoacetonitrile together with a high-boiling product which they stated appeared to be 
derived by condensation of two molecules of formaldehyde with one molecule of methylamino- 


with cooling, with 98% formic acid (2-5 g.) then with 40% aqueous formaldehyde (1-8 g. 
a vigorous evolution of carbon dioxide and the eseeertins 
The wen hented on the bath tes evolution had:eased. It was then c 
diluted with twice its volume of water, and made strongly with 30% aqueous sodium hydroxide. 
with in ice. Tho oll which spesated wan eutoasted with ofase , and the extract washed with water, 
dried, and to give metadine as a colourless oil mum. (Found 


and to the Grignard reagent from eth 5 g.) in ether (10 ml.). 
The ether was then replaced by toluene (25 mi.) by distillation and the mixture heated for 54 hours 

boiling water-bath. After cooling, it was poured on ice, and 2x-hydrochloric acid (20 ml.) added. The 
et eee was washed once more with ether then made 
" Oe oes oe 3 times with ether, and the extract dried and distilled. 

ketone (1-4 g.) was obtained as colourless oil, b. p. 162—163°/12 mm. (Found : C, 77-2; H,@1; N, 60. 

Ei y-Bromobutyrate —Butyrolactone (21-5 g.) was dissolved in water (20 ml.) and the solution 
drogen bromide in the cold. It was then heated on the water-bath for | hour 


y yellow oil thus obtained was treated 
with absolute alcohol (25 mil.) with good ice-c When the reaction subsided, the 
solution was warmed to room temperature, for 2 rs, nd then poured into ice-water 


Extraction 
— with ether gave the a! te as a colourless, . 


accord Aysiol. Chem., 1925, 168.2 286) as a light brown oil (120 g.). 
bulk of */12 mm. and the low -boiling materia! was not capable of ready 
separation into distinct fractions. Continuation of the distillation at @-1 mm. mp © cones at 
(Found: N, 361%; AM, 148. N, 36 
“4 nced odour of formaldehyde fation in dite acid and 
m. p, 141—141-5", ing with that by Dalgiowsh and Mann. 
Conversion of the distilled ni hydrogen chloride the pe etate 
by boiling it with alcoholic the procedure of Staudt (loc. ct#.). 
Gest tas ous ether and passage of dry ammonia 
according to Prill and McElvain Pew Chem. Soe., Tae ), much loss occurring in aqueous 
solution. "/12mm. It was used immediately for the next st 
- g-) was treated with ethy! y-bromobutyrate (4 
snd ihe mature kept 16 hours At room temperature a crystalline mass of the sarcosine ester b 


Soommity opening d off and washed with dry ether, and the combined filtrates 
ertiary amino ester (VII) was obtained aa a coloeriess oll (42.5 b. p. 148—147°/12 

G tion of this compound was based on the method described by Fuson et al. (J. Amer. Chem. Soc., 
slowly to powdered sodium [3-0 suspended xylene (48 tal.) with the prelisninary addition of drops 

am (3-9 g.) su in x (45 mi.) with the 

Of alcohol Addit Addition to the stirred reaction mixture was carried out at such a rate that a gentle reflux 
was maintained. After the addition the mixture was boiled pw emsttheyeudinnenisé Tt was 
then cooled and poured into ice-water. The separated xylene was further washed with water, and 
the combined aqueous layers were washed with ether. Tho aqueces ashation was than end acididied 
(to Congo-red) with concentrated hydrochloric acid below 10°. The solution was neutralised by the 
(100 .) was then added in two portions. ‘The base weparated as fed ol. Solid potassium carbonate 
(100 g.) was then added in two 6 208 whieh wen semeved, and Go 


: and 
ether removed. Tt was then boiled unt d with addit concentrated acid 

r concentrated im vacwo. after drying in vacuo with potassium hydroxide 
pellets, was ‘lth ane poving the on 
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chioride (20 ml; of he wen the wan ond the 
po mp er nd The residue was in ice-water and washed twice with ether, and 
separated was extracted with ether, dried rapidly, concentrated. The residue (3-4 g.) became 
> requires N, m. mot the m. 
of the prcrate of authentic material. 4 
Addition of the cyano-ester in to an | | of the 
and, with cooling, ether and water were added and the layers separated. The aqueous layer was washed 
4 times with ether, and the combined etherea! solutions were washed once with a little water, dried, and 
concentrated. After being dried thoroughly a dissolution in benzene and repeated distillation im vacuo, 
the residual y-bromobutyric acid was obtained as a yellow oil (36-7 g.) which set solid on cooling in ice. 
‘ 
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-methyipypertdime (V1) by the 
me 

y!)-3-piperidone hydrochilonde (5-0 g.). 

ice-water 


mm., with the main fraction 


anh 
requires C, 63-5; H, 7-8; N, 40; 12-56%). 


(Received, February 16th, 1950.) 


305. Synthetic Analgesics. Part VIII. Further Attempts to 
prepare 3-Phenylpiperidine Derivatives. 
By A. W. D. Avisow and A. L. Morrison. 
in only one instance, viz., between benzy! methy! ketone, formaldeh 


The resul unsaturated amino-hetone (X), which had weak ont 
be con into a 


1 -chioro-4-phenylhexan-5-one. 


ORIGINALLY efforts to prepare 3-pheny!-3-piperidy] ketones (see Part VII, preceding paper) 
were based on many unsuccessful attempts to make a 3-cyano-3-phenylpiperidine for subsequent 
treatment with a Grignard reagent, and also on the use of the Mannich reaction by means of 
which the ketone grouping would have been introduced before piperidine ring formation. 
1-Chiloro-3-bromopropane was condensed with pbenylmalononitrile, and the 

halogen compound (I) treated with benzylmethylamine to give the basic dinitrile (II). 
Hydrogenation of the latter product proceeded sluggishly and none of the desired piperidine 
derivative (IV) was obtained. 


(1) (IL) 


CH, CPb(CN)-CH,OH 
(11) 


Ethyl 8-chloro-2-cyano-a-phenylvalerate (see preceding paper) was next reduced selectively 
to the cyano-alcohol (ITI) by means of lithium aluminium hydride. Attempts to replace the 
hydroxy! with halogen using thionyl chloride or phosphorus tribromide were unsuccessful and 
(111) itself did not condense with methylamine to give (IV). 

Ethyl! 8-chloro-2-cyano-a-phenylvalerate reacted readily with aqueous methylamine in the 
cold to give the methylamide (V) which cyclised in good yield on treatment with sodium ethoxide 
to form 3-cyano-3-phenyl-1-methyl-2-piperidone (V1). In neither (V) nor (V1) could the amide 
group be reduced selectively with lithium aluminium hydride. 


H 
mom 
CH,CPh-CN 
pi en 
(VI) 


Me-NH-CH,-CHPh-CN 
(VIL) 


and saturated ammonium chiorid oe oe extract gave some unchanged 

piperidone 

of 

190-5" 

Rocus Propucts Liuirep, 
cH, 
CN 
q (Iv) 
CH, 
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A final attempt in this group required the preparation of 
cyanide (VII) by the action of methylamine and formaldehyde on phenyicyanoacetic acid 
(cf. Mannich and Ganz, Ber., 1922, 55, 3486). This acid, obtained readily by alkaline hydrolysis 
of its ethyl ester, had m. p. 74°, not 92° as reported by Hessler who first described the compound 
(Amer. Chem. J., 1904, 32, 127). Reaction with formaldehyde and aqueous methylamine at 
polymerised on 


attempted distillation and which proved to be 1-phenylviny!l cyanide (VIII) 
formed by decomposition of (VII). 
Unfortunately (VII) which was intended to be condensed with 1 : 3-dibromopropane in the 


other synthetic approaches. First, it was desired to produce a compound such as (IX; X = 
halogen) which could possibly suffer cyclisation with sodamide. Accordingly, methy!-3-chloro- a 
propylamine was prepared from 1-chloro-3-bromopropane and methylamine, but this could not 


ax. 


be induced to react with formaldehyde and methyl benzyl ketone in the Mannich reaction. 
On the other hand methylallylamine condensed readily to give the compound (X; RK = Me). 
The 
(ii) 


structure of the product was taken to be that shown by virtue of (i) the general rule that 
—CH,~ is more > Sod. 

the colour produced in Feigl and Zappert’s test for a methyl ketone (Feigl, “ Spot Tests," 
p. 288). This view was confirmed by treatment with phenylhydrazine which splits out methyl- 
allylamine to give the pyrazoline (XI) (cf. Mannich and Bauroth, Ber., 1924, 57, 1108; Jacob and 
Madinaveitia, /., 1937, 1929; Levvy and Nisbet, /., 1938, 1063; Harradence and Lions, 
J. Proc. Roy. Soc. New South Wales, 1939, 247). Had the Mannich reaction involved the 
terminal methyl group, the pyrazoline obtained would have been (XII), but a Kuhn—Roth 
oxidation showed the presence of a methyl group. 

The hydrochloride of (X; R = Me) had slight analgesic activity in the rat. The Mannich 
product (X; R= Et) from benzyl ethyl ketone and methylallylamine could not be obtained 


Chem., 1940, 5, 528) not to undergo the Mannich reaction with formaldehyde and | : 
tetrahydroisoquinoline. 

All attempts to bring about addition of hydrogen bromide to the double bond of (X; R — Me) 
in the presence of benzoyl peroxide in the hope of obtaining (IX; R = Me, X = were 
unsuccessful. 


The second type of approach was based on the observation of Lipp (Ber., 1892, 25, 2104, 
2197; 1905, 88, 2276, 2471) that the tetrahydropyridine (XIII; R= Me, R’ = on 
treatment with formaldehyde gave 1-methyl-3-piperidyl methy! ketone (XIV; R = Me, 
R’ = H). If, im this earliest example of the Mannich reaction, R’ is made Ph, the application 
to the problem under discussion is obvious. 


wx, 


In order to obtain the required intermediate (XIII; 
propan-2-one was treated with sodamide and 1-chloro-3-bromopropane to give the chloropropy! 
compound (XV). Instead of the expected hydrolysis of the nitrile group and consequent 


It will be apparent that 3-cyano- and 3-carbalkoxy-3-phenylpiperidines and especially 
3-pheny!-3-piperidyl ketones may be regarded as Mannich bases. This led to attempts at two 
ketones (the above is apparently the first example reported) is not readily explained in the 
absence of a satisfactory theory of the mechanism of this type of condensation. It may be 
noted that §-tetralone, itself a “ benzyl’ ketone, was found by Mosettig and May (J. Org. 
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cleavage took place at the keto-group to give 4 chloro-l-phenylbuty! cyanide. 

However, it was believed that in view of ite somewhat less reactive methylene group s bensy! 

ketone might be capable of being alkylated with sodamide and I-chi 

without giving exclusively s cyclobutane derivative as experienced by Case (J. Amer. Chem. ‘Soe., 
CH, CPh(CN)-COMe CH yCHyCHPh-COMe 

(¥V1L) 

though in rather low yield. Treatment of this 4-chioro-ketone with aqueous 

In view of unsatisfactory yields the synthesis was not carried further. 


EXPRRIMENTAL. 


(I).—Phenylimalononitrile (7-4 g.) Amer, Chem. J. 

of of sodium of sodium in 
foliowed 1-chioro-3-bromobutane g.) in absolute alcohol (20 ml.). 
uxed for 10 hours, sodium bromide separating. It was next concentrated 


I-dicyano-l-phenylbutane (I II).—The above chloro-compound 
added slowly to solution of sodium iodide (3-0 ) 40 
nder reflux stirring for After 
concentration im eacwe and treatment of the residue with exceas of hydroxide with cooling, 


and the 
pale a-brown sytu 156—157° /0-3 mm. 


hydrogen only slowly iy in the pr e of palladised charcoal! 
-bothng which was not investigated. 
5Chloro 2 solution of lithium aluminium hydride (2:3 g. 
in dry ether (130 ml.) was added slowly under dry nitrogen to a stirred ethereal solution of 
(26-6 rf in 70 After the reaction bad subsided 
reaction mixture was cooled in ice and treated cautiously with 2x-sulphuric acid until strongly 
acid. The layers were separated, the aqueous layer was washed once with ether, and the combined 


ethereal extracts were washed with water and dried. 

(22-5 g.) on cqocengnaing the ethereal! solution and carefully drying it 1» vacwo (Found: Active 

atom 

and distillates giving inconsistent analyses, h in some 
p. 155—159° 0-5 mm. (Found , 62; 


ONC! requires Active H, 10 atom per mole). ae at distillation at 


cases 
164. ONC! requires 60. 15-9 

Treatment of this compound with Foti: chioride or ie tribromide in the presence of 
tertiary bases gave none of the desired or 8 hours 40h mot yield 

Reaction with erg too at 140° for 8 ine derivative. 

valerate (13-3 ¢.) was shaken with aqueous T cetiptenies solution { mil. of 33%) for 3 hours. 
N ylamsde as a white solid (10-1 g.), m. p. 100-104 tion from 
petroleum 40-60") raised m. p. to 110° (Found : , 623; 61; N, 10-6, 

C1 C, 62:3; H, 60; 

3-C vano-3. phenyl-l-methyl-2 above amide (26-5 g.) dissolved in alcohol (120 ml.) 
gentile reflux on the water-bath for 1} hours. After cooling and filtration from the separated sodium 
chloride, the alcoholic solution was el and the residue dissolved in ethyl acetate. The extract 
was washed twice with and distilled derivative g.) was collected as a 
colourless, viscous ter mm. 73-3; H, 70; N, 12-7. C,,H,ON, 
requires C, 72-0; H, 6 30 

Attempted selective Ub 3 2 2 (¥) or (VI) with lithium aluminium hydride gave only mixtures of 

ucts from which a pure compound was not isolated. 

yanoacettc Acid.Ethy! phenylicyanoacetate (18-9 g.) was dissolved in 2n-aqueous sodium 
(108 mi.) and kept at room for 6 hours. On acidification (Congo-red paper) with 
concentrated hydrochloric acid with ice-coc a white solid separated (13-9 g.). The analytical 

imen was recrystallised from benzene oy from ether-light petroleum (b. p. 40-—60°), where- 
er it melted at 74° (Found: C, 6690; H, 49; N,&7. Calc. for C,H,O.N: 670. H, 44; N, 


2. -—phenylethyi Cyanide (VIT) acid (13-5 g.) was treated with 33% 

aqueous methylamine (7-8 ml.) with cooling im ice and then with 40%, formaldehyde solution (6-3 ml), 
The og oe was kept close to 0° for 24 hours, w! 

yde had Addition of 2n-hydrochioric acid 

hen caused vigorous evolution of carbon nie acidified reaction mixture was extracted 

twice with ether to remove non basic material, the aqueous alkaline with ee 

{a0 and tho ous precipitated was Uy wanking 4 with The ethereal 


4-Chloro-1 : -dicyano-1, 
1904, 3B, 123) was added 
36 mil. of absolute alcohol 
The mixture was then refi 
én vacwo and the residue treated with ether and water. The ethereal solution together with a further 
ethereal washing of the aqueous part was washed with water, dried, and concentrated. Distillation 
teskiue distilled, to ¢ 
hey 
f 
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i4; H, 4 

yanide TI).—This was isolated from the above reaction mixt 

the extract bats with diate woduim carbunate solution 
C,H,N requires N, 16-90% 

iable 


ylamine (7-5 g.) 
hydrogen chloride (10 ml.). (3 g.) was added and the mixture refluxed f 
further quantity (3 g.) of formaldehyde was added the unre 

longer. Concentration 


the ender ve a pasty solid 
pure hydrochionde melted ath 
H, 7-7; N, 5-4; Cl, 13-7. 663; H, 79; recrystallised 
Feigi and Zappert's test for a methy! ketone (Feigl, 


and recrystallised from hanol. 
159— 160° N, 12-6; C-Me, 
mixture was 


sad left for 14 then for hours and Altered 
56-6; H, 68; NBr requires C, 
modification of the above procedure the free Mannich base dissolved in benzene was 


hydrogen bromide was passed over the surface of 
could be isolated. 


water. The toluene 
yellow, viscous was su o or 


solution was 


ea. 146°/12 mm., 

144. C,,H,,0,N 563; H, 48; 

1:4:5: Hl; R’ = Ph).—The above 

.) was treated with 33 methylamine (6 ml) and al The 


Reszarcu Rocuz Propucrs 
Garpen Crrv, Herts. (Received, February 16th, 1950.) 


(X, Me Benryl methyl ketone 13-4 ) wes 
in conolic 
rl hour, a 
and glacial acetic acid (10 ml.) accordipg te the 
chioride was filtered off and the res 
at ordinary 
The pyrasoline was as yell 
requires N, 11-9; C-Me, 6.4%). 
Action of Hydrogen Bromide on 
n the presence of a trace of Denzoy! peroxide, dry 
Soiling solution. Once again, only unsatu 
ethyl-3-chloropropylamine —1-Chloro-3-bromopropane (15-9 g.) and 26% alcoholic methylamine 
(24 ml.) were mixed with ice-cooling and then kept at room temperature for 16 hours. Considerable 
= of ——— hydrobromide had taken place and this was completed by addition of dry 
The filt solution was then treated with dry hydrogen chloride and concentrated under 
23-8 H Ci-, 24-64%). 
N-allyl compound but no crystalline products were obtained. result was conaly unsatisfactory { 
when an aqueous medium was shnvibes (cf. Mannich and Braun, Ber., 1920, 63, 1 78). 
Condensation of 1-Cyano-1-phenylpropan-2-one and Trimethylene Chlorobromide.— |-Chioro-3-bromo- 
(23-7 g.) was added to the sodio-derivative from |-cyano-1-phenylpropan-2-one (Org. Synth., 
is. 66) (1240 g) and sodamide (3-0 g.) in dry toluene (100 mi.). The mixture was heated under reflex 
with sturmng 30 
solution was then conc 
This 
with sulphuric a 
H, 5-0; N, 165. 
1-Chloro-4-phenylhexa bromopropane 
(11-7 g.) were dissolved ir th stirring and 
cooling, The orange-cold i then heated 
the b. p. xi powred into 
water. toluene| 
rise to the required 
m. p. 116 
, 14-4%). 
2-dé 
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found possess slight 
: 1-dipheny!buty! (amidone 
the 


Tux preparation of amidone was first described in Report No. PB-981, U.S.A. Office of the 
Publication Board, Department of Commerce, and more recently an improved synthesis of the 
intermediate 3-dimethylamino-! : |-diphenylbutyl cyanide has been reported by Schultz, Robb, 
and Sprague (/. Amer. Chem. Soc., 1947, 68, 2454). 

In the preparation of amidone from this nitrile by treatment with ethylmagnesium iodide 
in toluene, it was found that, when the toluene solution of the Grignard reaction mixture was 
decomposed by warm 2n-sulphuric acid, amidone sulphate separated and after cooling could be 
filtered off in at least 90% yield. 

It was early recognised that one of the disadvantages of amidone was the definite depressant 
effect it exerted on respiration. We considered, in view of the work of Hart and McCawiey 
U. Pharm, Exp. Ther., 1944, 82, 339) and of Unna (ibid., 1943, 79, 27) on N-allylnormorphine, 
that it would be of interest to make and test substances of the amidone series which carried 
allyl groups on the nitrogen atom. 

Benzhydry! cyanide and ethylene dichloride in presence of sodamide gave 3-chloro-! : 1-di- 

cyanide (I) (Dupré, Elks, Hems, Speyer, and Evans, /., 1949, 500) which, when 
, gave 3-methylallylamino-1 : cyanide (II; 
ethylmagnesium iodide afforded 1-methylallylamino- 


R’ = CH,CH-CH,). In a similar manner from 
diallylamine, 3-diallylamino-1 : 1-diphenylpropy! cyanide (11; R = R’ = CH,CH-CH,), and 
i-liallylamino-3 ; 3-<diphenylhexan-4-one (III; R= R’ = CH,CH’CH,) were prepared. 
Methylallylamine was obtained most readily by applying the method of Decker and Becker 
(Annaien, 1913, 396, 362) to unsaturated amines. 

Two other methods of preparing compounds of type (III; R =< Me, R’ = CH,CH’CH,) 
were tried. Benzhydrylmethyl-2-chloroethylamine, obtained by chlorination of benzhydryl- 
methyl-3-hydroxyethylamine, was condensed with benzhydryl cyanide to give 3-benzhydryl- 
methylamino-! : 1-diphenylpropyl cyanide (Il; R Me, R’ = CHPh,). Although previous 
work had shown that it was not practicable to remove a benzyl group from a tertiary amine 
and leave a nitrile group in the same molecule unaffected (cf. Bergel, Hindley, Morrison, and 
Rinderknecht, /., 1044, 269), it was hoped in view of work described in B.P, 607,772 that this 
would be possible where a benzhydryl group was involved. Hydrogenation of (Il; RK =< Me, 
R’ = CHPh,) proceeded slowly and ‘gave a small amount of product, b. p. 155—160°/0°3 mm., 
which on addition of 2n-hydrochloric acid gave a crystalline hydrochloride, m, p. 226-—228°. 
Heating an aqueous solution of this salt with potassium nitrite gave a neutral product, m. p. 
146-148", which instead of the expected nitroso-derivative proved to be 3: 3-diphenyl-1- 
methylpyrrolid-2-one (V). The formation of this compound can be explained by the inter- 
mediate formation of 2-imino-3 : 3-diphenyl-l-methylpyrrolidine (IV), which has not been 


H 


The alternative method considered for the preparation of (III; R = Me, R’ = CH,CH’CH,) 
was to hydrogenate the quaternary bromide obtained from allyl bromide and 1-benzylmethyl- 
amino-3 ; 3-diphenythexan-4-one (III; R = Me, R’ « CH,Ph) (Dupré ef al., loc. cit.) so as to 
remove the benzyl group. Hydrogenation of the quaternary salt with palladium-barium 


306. Synthetic Analgesics. Part IX. Synthesis of Compounds 
Related to Amidone. 
By A. L. Morzisonw and H. 
Two compounds in the amidone series, 1-methylallylamino-3 : 3-di thexan-4-one and 
-diallylamino-3 3-dipben 
In at to e 
yamine 
was : 
characterised 
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sulphate catalyst and | mole of hydrogen gave a product which could be separated into two 
fractions on distillation at 01 mm. Fraction | had b. p. 146°/0'1 mm. and analysed as 
: 3-diphenylhexan-4-one (III; R « Me, R’ CH,CH-CH,) or 1-methyl- 
propylamino-3 : 3-diphenylhexan-4-one (R « Me, R’ = Pr*), while fraction 2 had b. p. 180—- 
190°/0-1 mm. and analysed as 1-benzylmethylamino-3 : 3-<diphenylhexan-4-one (III; R = Me, 
R’ = CH,Ph). This result indicates that an allyl group is just as susceptible to hydrogenolysis 
Chem. Soc., 1947, 69, 2555). 
German method for synthesising amidone involves a considerable waste of 
i ylamine hydrochloride and benzhydry! cyanide, only one of which gives amidone. 
In a search for a more economical preparative method for amidone nitrile we explored the 
possibilities of the following synthesis: Benzhydryl cyanide was condensed with 1-chloro-2 : 2- 
diethoxyethane to give 2-cyano-3: 2-diphenyipropaldehyde diethy! acetal (V1), which on acid 
gave the corresponding aldehyde (VII), characterised by its azine. Treatment of 
(VII) with 1 mole of methylmagnesium iodide gave a product b. p. 154-—156°/0'1 mm., which 
analysed correctly for the expected secondary alcohol (VIII). 
product should be 2-imino-3 : 3-dipheny]l-5-methyltetrahydrofuran, as prepared by Easton, 
Gardner, and Stevens (J. Amer. Chem, Soc., Gh. Oy the of 


phenylbutyl cyanide, isolated and identified as its picrate. 
Ph,C(CN)-CH, CHO Ph,C(CN)-CH,-CHMe-OH 
(VI) (VIL) (VIIL) 


When tested for analgesic action (III; R = Me, R’ « and (III; R = R’ 
CH,:CH’CH,) had respectively one-half and one-eighth of the potency of (III; R = R’ = Me). 


hloride and obtained pure ( . - 

91 72-8; 44 C, 72-05; H, #1; N, 4-05%). 
Cyanide (11 Ro Me, R’ = : 1- 
(148 ¢.), sodium iodide (8-7 and methylallylamine (13 ml.) in methanol 
heated in a bottle for 36 hours at 100°. On wor’ up of the product for basic 
material the cyanide was as an oil, b. p. 152° /0-3 mm. (6-5 g.) (F : C, 821; H, 7-6; N, 10-1, 

Cotas uires C, 82-8; H, 7-6; N, 9-6%). 

ution in d ( , Was 


heated on boiling water-bath with a solution of concentrated hydrochloric acid (78 tl.) in water 
After drying and concentration of the ethereal solution the Aetons was obtained as an oil, wa he 
mm. (6-2 g.) (Found: C, 82-5; H, 84; N, 47. C,.H,,ON requires C, 82-3; H, 4% It 
forms a p. 160—161° (Found : N, 3-2. gON uires N, 3-0 

3-Diallylamino-| fl; Re R= for 18 hours 


the 


separa benzene 
and then heated with methyl iodide (75 g., 1:3 moles) in «pe bottle at 80° for 16 hours. The dark 
viscous oil which was formed became ted with benzene, and the solid filtered 
off with exclusion of moisture. The was then with water, and the aqueous 


—A (25-9 g.) and ethylene 
oxide (6 g.) was heated in a weasel at 100° for 34 hours oueleet tos to give the 


of the t 
and 


with thionyl chloride in presence of dimethylaniline, a crude chloro-compound was obtained 
which on condensation with dimethylamine gave a small yield of 3-dimethylamino-1 : 1-di- 
EXPERIMENTAL. 
excess of 2x uric acid on the water-bath for 30 minutes, amidone sulphate crystallised out on 
cooling. It was filtered off and suspended in water, and excess of sodium hydroxide solution added to 
liberate the free base which was taken upinether. After drying of the ethereal solution, amidone hydro- 
, $2-85; H, 83; requires C, 83-0 84; N, 40% 
M ethylaliylamine —Allylamine (22-5 g.) was slowly mixed with benzaldehyde (44:5 ; 1-05 7 
and made alkaline wr 
p. 62—64° and weighed 
y salt from ally! bromide 
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thionyl chionde 17 g.) added The mixture 
reflux for 2 hours, some of the chloroform and the excess of thionyi were then 
the hydrochloride crystallised. Recrystal- 
196° (Pound: Cl’, 120. C,,H,.NCI, requires Cr’, 


: R= Me, R’ = —To a solution 
wane (liberated from 16-5 g. 
the reaction 


in dry toluene (150 mi.}, powder (2 wen aed and 
= <y hours with vigorous After it was extracted 3 times with 2»-hydro- 
ueous part and the insoluble hydrochloride of the reaction product were treated 
dies tlie: solation, the the freed base was extracted with ether, the ethereal extract 

the cyanide (0 g.) as a resinous, <oloured substance, which solidifed and after 
from light petroleem (b. p. 60-80") melted at 120-123" (Found : C, 85-0; 3 N, 6B. 


866; H, 67; 
me —The above sitrle (42g) in warm alcohol was 
The 
portion was made alkaline and extracted with ether, 
mm (1-6 ¢.). This base, when treated with 


oride, m. p. 226-228", was heated with 
m. 146-—148° (from light petroleum (b. p 


3: 3-di yihexan with ally bromide qua' (from 


acetone) (Found: C, 70-4; H, 60; N, 2-8, ps requires C, 70-8; H, 6-9; m3 
Hydrogenation of this salt (1-8 Py with freshly 
Ot 6) slowly until | m (90 mi.) had 
The hydre was interrupt nd andthe alcobel distilled off 
mide and extracted with amyl alcohol. The am cn ny extract was washed and 
uct was obtained as a thick oil which gave two (i) b. p. 146°/0-1 mm., 
mm. From its analysis the first fraction may : 
3-dipbenythexan-4-one (Found 0; H, 88; 
8; H, 60; N, 39. Cale. for C,,H,ON: 


p phot Acetal (V1).—To benzh cyanide (5-0 g.) and chloro- 
acetaldehyde Pacing benzene (30 mi.) sodamide (1-1 g.) was added, with stirring, 
and the mixture then refluxed for 2 ~¥- The benzene pe was well washed with water, the bensene 


extract 
water, and dried (Na,SO, and the ether distilled off. The enna — at 130-—150° 0-6 mm. and 
partly solid when After being te and recrystallised from 


p. 92— nd 424 C, 82-1; H, 
on C, 81-7; 5-6; N 
ydrazine hydrate (0-23 mi.) had m. after 
(Found H, 6-8; N, ry og N, requires C, 82-4; H, 5-6; N, 
ound li; ‘R R’ =» Me). —To the above 
in ether (50 ml.) was added an et solution of poh et ee iodide containin, 
equivalent, at 0° with stirring. A solid formed at once and 0 po was continued for 
room temperature, The Grignard complex was then decom . 
the ethereal layer separated, washed — water, and d After removal of the ether the 
residue was distilled in an oil at mm., 
alcohol (VILI) (Found ; H, G1; N, 56, C,,H,,ON requires 81-26; H 
To a mixture of the above c (3-6 g.) and dimethylaniline (1-7 g.) in benzene (30 mi.) was 
added, with and shaking, th (2-0 mi.) in benzene (10 ml.). 
under reflux for 2 rs and then poured into ice-water, bh em) at was separated, washed with 
water, and concentrated, and the residue distilled at 156° /0-2 mm., giving 0 product (2-0 g.) containing 
10-2% of Cl (Cale. for C,,H, Cl, 13-2%). 
at 130° in a sealed tube. On working up in tho usual way, OF of was obtained, 


12-04 
uires ( 
i shaken wit 
0-6 mi. of 
slowly unt 
made acid, 
remove the 
and the ext 
chiortc 
not with the theoretical values for 3-methylamimo-| : 1~<diphenyipropy! cyanide (11; K = 
R’ = i) hydrochioride, or, of course, for the isomeric 2-imino-3 Laiphenyi i-methy!pyrrolidine 
rs. The mixture was 
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Derarruent, Rocus Propucts Liurtzp, 

Garvew Hears, (Received, February 16th, 1950.) 

307. The Phenazine Series. Part VIII. The Constitution of the 

Pigment of Chromobacterium iodinum. 
By G. R. Cuzmo and A. F. 

isomers have been demeth _ 
Tue pigment of Chromobacterium iodinum was shown by Clemo and Mcliwain (/., 1938, 479) - 
to be the di-N-oxide of a dihydroxyphenazine (I), and on catalytic reduction it gave a dihydroxy- ’ 
dibydrophenazine which autoxidised to a dihydroxyphenazine (II). 

OMe 
~OH 
ay (Il) Me 
7 
o (VI) 

Absorption spectra and certain qualitative tests showed that the bacterial pigment resembled 
alizarin but not quinizarin. 

Of the ten possible dihydroxyphenazines, only the diacetyl derivatives of the 2 : 3- and the 
2 : 6-isomers * had been previously described, and both differed from the derivative made from 
the pigment. Synthetic work towards the elucidation of the latter's constitution was interrupted 
in 1939, but the possibility that it was 1 : 2-dihydroxyphenazine was eliminated by Hegedts 
(Festschrift far E. C. Barell, 1946), who synthesised this compound, the dimethyl ether, and the 
diacetate, and showed that they differed from the pigment analogues. 

Independent syntheses of 1: 2-dimethoxyphenazine were reported by Slack and Slack 
(Nature, 1947, 160, 437) and Clemo and Daglish (Nature, 1947, 160, 752): the melting point 
recorded in each case was 138—139°, whereas Hegediis gave the melting point as 145°. In an 
attempt to clear up this anomaly, we sublimed a specimen of | : 2-dimethoxyphenazine, from 
Dr. Hegediis to whom our best thanks are due, as well as a sample of our 1 : 2-dimethoxy- 
phenazine, at 80—90° in a molecular still. The two sublimates still showed the original m. p.s, 
and the mixture melted at 138—144°; a crystallographic examination of the two samples has 
also failed to resolve this anomaly. 

1 : 4-Dimethoxyphenazine was also described by Slack and Slack (Joc. cit.). Instead of 
attempting the demethylation of this compound, we methylated the dihydroxyphenazine 
obtained from the pigment and obtained a compound, m. p. 246—246°, which differed from 
that prepared by Slack and Slack. Recently King, Clark, and Davis (/., 1049, 3012) have 
described the demethylation of 1: 4-dimethoxyphenazine using aluminium chloride in dry 
benzene. 

The synthesis of 1 : 3-dibydroxyphenazine (Clemo and Daglish, /., 1946, 2318) completed 
the investigation of the four possible isomers containing two hydroxy-groups in the same ring, 
and as it was also different from the dihydroxyphenazine obtained from iodinin, it became 
certain that in the natural product the two hydroxyl groups were in different benzene nuclei. 

in 


Clemo and Daglish : 


was then directed to the preparation of 1:5 and 1: 
Thus, 3-methoxy-o-benzoguinone and 2: 3-diaminoanisole condensed together under 
~methoxyphenazine (Org. Synth., 1946, 26, 86) to give a mixture of 1: 
(III and IV) which were separated chromatographically 


J. 1989, 160, and Elderfied, Gensler, and Birstein, J. agp Chem., 1946, a 627), the 3: 5-di- 
San eee: it was found to be identical to the dimethoxyphenazine derived 


prepare ; 
acid and o-nitrobenzoic acid (cf. Kégl and Postowsky, Ann., 480, 280) were also unsuccessful. 
Amongst the unsuccessful attempts to prepare by the Ullmann reaction substituted dipheny!- 


Pending a successful synthesis of either 1 : 5- or 1 : 8-di i 
in view of the work of Flett (/., 1948, 1441) which showed that infra-red absorption spectra 
differentiated between isomeric dihydroxyanthraquinones, that the same method might be 
expected to distinguish between 1: 5- and 1 : 8-dihydroxyphenazines and their di-N-oxides. 
Thus, 1: 8-dihydroxyphenazine di-N-oxide (VI) should show two N->O frequencies because 
the strengths of the two N->O bonds are unequal, a hydrogen bond being formed in only one 
case, However, in 1: 6-dihydroxyphenazine di-N-oxide (V), both N-+>O groups interact 
with the adjacent hydroxyl group and only one N->O frequency should result. 

The absorption spectra of iodinin, phenazine di-N-oxide and its 1-hydroxy-derivative, 
quinoline N-oxide and its 8-hydroxy-derivative, and quinoxaline N-oxide and di-N-oxide were 
kindly determined by Dr. Flett through the courtesy of Imperial Chemical Industries Limited, 
Dyestuffs Division. All aromatic nitro-compounds have an absorption band at 1350 cm.~, 
and this and another at 1075 cm.-' are shown by phenazine di-N-oxide. Quinoxaline di-N- 
oxide has a band at 1370 cm.~' and (possibly) the 1075 cm.-' band. In the mono-N-oxide the 
fatter band is much weaker and is at 1100 cm.~', while the 1370 cm.~' band (including the small 
inflexion at longer wave-length) persists. It is very doubtful if either band is present in the 
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jon 
alumina, One of these compounds provided to be identical with the dimethoxyphenazine from 
iodinin, and both the isomers were smoothly demethylated by hydrobromic acid—acetic acid. 

After many unsuccessful attempts to prepare either the | : 5- or 1 : §-dimethoxyphenazine 
by an unambiguous synthesis, the |: 6-compound was eventually obtained by condensing 
3-bromo-2-nitroanisole (Hodgson and Moore, J., 1926, 155) and 3-nitro-2-aminoanisole 
(Blankema, Chem. Weehkblad, 1908, 5, 789) to give 2 : 2’-dinitro-3 : 6’-dimethoxydiphenylamine. 

} 2: 2’-Dinitro-3 : 6’-dimethoxydiphenylamine exists in three crystalline forms: a stable 
form (A), which forms prisms from alcohol or benzene, m. p. 118°; and two unstable forms 
(B) and (C), which crystallise from benzene-light petroleum (b. p. 60—80°) in yellow needles 
and red prisms, respectively. Both unstable forms melt at 104°, and when allowed to solidify 
change to the stable form. All three forms can be interchanged by seeding the solution in 

benzene. 

Malaviya and Dutt (Proc. Acad. Sci. Agra Oudh, 1935, 4, 319) claimed that 1 : 5-dimethoxy- 
phenazine was formed when o-anisidine was exposed to tropical sunlight. Their product 
melted, however, at above 300°, and our attempts to reproduce their results have been 
unsuccessful, Following Wohl’s phenazine synthesis (Ber., 1001, 34, 2446; 1003, 36, 4135), 
attempts were made to prepare the | : 5-dimethoxy-derivative by condensing o-anisidine and 
o-nitroanisole in the presence of potassium hydroxide, but the only product isolated was 

(a) 3-Chioro-2-nitroanisole and %3-nitro-2-aminoanisole; (6) 2-chloro-3-nitroanisole and 
3-nitro-2-aminoanisole; (c) 2-chloro-3-nitroanisole and 2-chloro-3-aminoanisole; (d) 3-chloro- 
2-nitroanisole and 3-chloro-2-aminoanisole; (¢) 4-chloro-3 : 5-dinitrobenzoic acid and 4-chloro- 

E 3: &-bisacetamidobenzvic acid; (f) 4-chloro-3 : 5-dinitrobenzoic acid and 2 : 3-dinitroaniline. 
In an attempt to prepare | ; §-diaminophenazine, di-(2 : 6-dinitro-4-carbomethoxypheny])- 
amine was synthesised, but catalytic reduction gave an unstable blue hydrochloride which 
, readily changed to a black polymeric product. 

' Although phenazine is only pale yellow, its di-N-oxide is deep orange. This is surprising in 
: view of the absence of colour from most tertiary amine oxides, and the fact that azoxy- 
; compounds are lighter in colour than the corresponding azo-derivatives. It is also surprising 
; that the permanganate-coloured iodinin (V) is insoluble in water and gives an intense blue solution 
q in alkali, whereas the yellow } ; 5-dihydroxyanthraquinone which could have a similar bond 
: structure gives only a red solution. 
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N-oxide spectrum (the 1390 cm.~* band may be 
by 
. 1-Hydroxyphenazine di-N-oxide does not show either band clearly, and it 
is barely possible that iodinin shows them at 1290 cm.~' and 1020 cm.~!, but in this case the 
characteristic inflexion of the shorter wave-length band is concealed by new bands. As a 


1600 1500 1300 7200 THO WOO 900 
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diagnostic test for the presence of a 1-hydroxy-group in phenazine this method therefore fails. 
The complete change in character of the absorption spectrum of phenazine di-N-oxide on the 
introduction of a hydroxyl group indicates that a more profound electronic change has taken 
place than is evident from the formula (V) for the pigment. 


EXPERIMENTAL. 
tea et, Microanalyses are by Mr. W. A. Campbell and Drs. Weiler and Strauss, 


1-Hydroxy-2-methoxy-5 6: 7 solution of 5: 6-di 
(Poilecoff and Robinson, /., 1918, bolhng clocked 10 mi.) 
chioric acid (5 ml.) and excess of zinc dust (2 g.) was . Whee baided, 
the solution was diluted with water, filtered, and a solution of cyclohexane-| : 2-dione (0-25 g.) in aqueous 
sodium hydrogen te solution, containing sodium acetate (2 g.), was added. The mixture was 
boiled for five minutes, cooled, and filtered, yielding a red zinc complex which was in 


chlorof and decom with h sulphide. The chloroform solution yielded the 
orange , 17%), m. p. 100° (Found ; C, 67-7; H. 6-4; N,12-7. 
requires C, 67-6; H, 61; N,1 208)" 

1 : 2-Dimethory-5 6:7: 8 
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— and Robinson, joc. cit.) in boiling alcoho] was reduced with zinc and hydrochioric acid, and then : 
with eyclohexane-1 : 2-dione (5-6 g.) for two hours. The alcohol was removed, and the solution 
phenazine was purified by from ethereal solution with hydrochloric acid (5%), precipitation 
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phenazine 
t petroleum (b. 
Cc, 70; H, &4. 
150; 60%). prepared from lodsmim.—The 
dae After 48 hours the filtered 


residee with sodiam ydaroxzide 

of 2: 3-dinitroanisole (2-5 g.) 

on, Sal acetic acid (69 eal.) was chalben with bydsogen of temperature and at 
diluted with water (50 mi.), and just basified with ammonia. Extraction with ether (4 « 60 mil.) 
followed by distillation gave a colourless oil (1-22 g., 70%), b. p. 130°/5 mm. (Found: C, 60-9; H, 7-8. 
Cale. for C,H,,ON, : C, 60-9; H, 7-2%) 

2-Chloro-3-amincanisole——-A solution of 2-chloro-3-nitroanisole (54 g.) in aqueous acetic acid 

heating was continued for another hour. The product was diluted with hot water (100 mi.), 
basified with sodium carbonate, and steam-distilled. distillate was extracted with ether, 

colourless oil (42 g., 93 D. 125°/3 mm. The oil solidified when kept for several months, 
was trom light petroleum (b. p. affording colourless needles of the anisole, m. p. 
80” (Pound: C, 53-6; H, 53-3; H, 51%). 

1: & omd 1: & Dimeth 
l-methy! ether (1-35 ¢ (Org. Synth., er 


20 minutes, the red solution was filtered and mixed 
benzene (26-8 m! etiam bydrone acid (10-7 ml.). After 90 minutes, the dark red solution was washed 
thoroughly with sodium b tion (5%), followed by water, and dried (MgSO,), diluted with 
kane m (400 rol. ; . 6-80"), and adsorbed on alumina. The chroma’ m was developed 
bh (600 band containi: grad elu The first 150 mil. 
of per ave needles, m. p. 247°, not the dimetho nazine 
extinction angle 42 (Found: C, 70-4; Cale. for C,,H,,O,N, : 

showing str: 


50%). last 150 ml of elven «gave yellow nesdlen, m. p. 253—254°, 
extinction (Pound: C, 70-2; H, 47). portion of the eluent contained a mixture of 
two isomers, and was re-chroma 
1: and Dihydroryphenazine _-Dimeth (0-3 6. (1: 6-, 1: 8, or a mixture) was 
heated 4 1-49) and acetic acid (2-5 ml.) for 24 
— The cooled product was diluted with water and treated with sodium hydroxide (5%) until the 
whereupon a yellow precipitate formed and was 


(a) oduct from the dimethox ee a ay 247°, on recrystallisation from ethyl acetate 
yielded sabe . 274°, not depressed admixture with the dihydrory: 
, 67-4; H, 30; N, 130. Calc. for C,,H,O,N,: 

5 


(6) The pratt. from dimeth ine melting at 253-—254° was recrystallised from benzene 
and gave orange-red os (0-02 g., . m. p. 206° (Found: C, 67-5; H, 3-0; N, 12-99%). 
(ce) The product from the mixture of the two isomers was dissolved in benzene and 
on alumina. The less strongly —_ purple band contained the dihydroxyphenazine, m. p. 295°, 
and the more strongly red band contained the isomer, m. p. 274°. 
2 : 2°-Dinttro-3 -dimeth ydaphe —3-Bromo-2-nitroanisole (0-78 g.) (Hi 
J... 1926, 155), 3-nitro-2-aminoanisole (0-565 anhydrous potassium carbonate 
(0- }, nitrobenzene (2 mi.), and a trace of water were | 
220° The cooled prodect was 
in (20 mil.) and ered. t petroleum (30 b. p. 60—-80*°) 
and ned en allowed to tallise, afford: low solid which was recrystallised from alcoho! 
ton ge-red of the amine (0-1 rh 12%). m. p. 118° (Found: C, 52-7; H, 42. 
requires H, 41%). 
op by eed aa in 10%, yield when the reagents were heated in the absence of 
solvent at 180° for 6 hours. The cooled product was extracted with ether; removal of the solvent 
gave a brown powder which was recrystallised from benzene—light petroleum (b. p. 60—80°), ew ion 
needles, m. p. 104° (Found: C, 62-0; H, 41; N, 130. Cale. : 
Bet or red prisms, m. p. 104° (Found: C, 52-0; H, 40; N, 
1: 6- solution of 2: 2’-dinitro-3 : 6’ as) in 
(8 mi.) was shaken with hydrogen at room and at 
of Adams's catalyst (0-05 g.). The colveriess solution was filtered and 
ling a white 


te hydrochloride ; 

, changing brown wi formation a 

on ter (20 mil.) was and the precipitated solid was 


14384 
with sodium . and re-extraction with ether. Removal of the solvent, followed 
(King, Clark, Davis, loc. cit., C, 000; H, 66; N, 11-9. Cake. 
1 —The (3 g) and palladium-—charcoal (0-9 10% 
jadium) were heated under reflux in p-cymene (30 mi.) for three hours. The cooled ak was 
which by 
tor 
omethane (0-1 . in 
recrystallised 
H, 44. C,,H,O,N, 
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needles m. p. 247° not require C100! 

carbonate (2-6 g.) in water (340 ml.) was boiled for two hours. 
C, 47-2; H, 34 Cale. for C,,H,O.N, CHO, : 

This compound (1.6 was dried at 190: for thees hows, added in emall portions to mixture of 
nitric acid (7-5 g.; @ 1-5) and sulphuric acid (7-5 g.; 2 1- and left for six hours, whereupon a 
crystalline precipitate of di-(2: 4 : 6-trinitrophenyljamine was formed; this was washed with water 
H, Calc. for CyH,O +: ©, 828; H, 11%). 

2 solution of the acd methanol ml) 
containing sulphuric acid (4 ml.; @ 1-825) was heated under reflux for two and cooled, and the 
(Found: C, 51-3; H, 3-0. ,,O,,N, requires C, 51-2; H, 35%). 
hour to the (96 was added in volumes of 

one mi wo 
Fede cryotaiied from ethyl acetate Yekling Yalow pranos ofthe (87g. 78%) 

. yi he 4 

m. p. tas (Found : H. 2-5. aM, requires 41-3; H, 24%). 
ohl Reactions,—o-Nitroanisole (10 (10 g.), and 
Me 5 minutes. The product was diluted with water and steam- 

recrystallised from petroleu . 40-—60"), yielding phenazine (0-02 , p. 72— 
173° by admixture with on (Found: C, 198; H, #5; 15-4. 
C, 80-0; H, #4; N, 15-6%). 

same product obtained by using powdered potassium use 
powdered zinc chioride at 180° (cf. Wont and Lange, Ber., 1910, 48, 2186) gave 
The dark brown solution was basifed and extracted with benzene, and the extract adsorbed on a column 
of alumina. No trace of phenazine or substituted phenazine was found. 

4-Chioro-3 : 5-bisacetamidobenzoic Acid.—4-Chloro-3 : 5-dinitrobenzoic acid (2 g.) was added during 
one hour to a solution of stannous chloride (11 g.) in hydrochloric acid (11-3 mi.; d@ 1-18), and the 
solution was stirred and heated on the steam-bath. Next/morning the product was diluted with water, 
hydrochloride (1-0 g.); this was heated under reflux for one hour with sodium acetate (0-8 g.) and acetic 
m. p. (Pound: C, 486; H, 45. requires C, 4846; H, #10). 

to a stirred suspension of iron filings (13-4 g.) in aqueous acetic acid (14-5 ml.; 5%) on the steam-bath. 
The product was liberated with sodium carbonate, filtered off, and extracted with boiling alcohol, 
requires 6-0; 40%). The product showed the mormal reactions of phenol and 

Our renewed thanks te the further 
batches of pigment seaded to finish this research. of us (A. F. indebted to the Minietry of 
King’s College, Newcastle-on-Tyne, for the award of a Postgraduate Studentship. 

University or Dunnam, Kino’s 
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By C. C. J. Cutvenor, L. J. Gorpsworrmy, K. S. and Sm Rosext Rosson, 

When heated with alcoholic potassium hydroxide, 
with formation of about 50%, of epiquinamine. 
uinamine. ine is inium to 
evidence formulation 
the (V). Ibe strectare sre (Vi) for epequinamine i by tom 
of this base to a mixture of cinchonamine epicinchonamine. It is considered that the 
epimerisation of quinamine occurs at C;,, in the quinuclidine nucleus. 
Tus conversion of quinamine into isoquinamine by heating it with amyl-alcoholic potassium 
hydroxide was reported in Part ITI (/., 1949, 735), and it was stated that a second isomer was 
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probably also formed since, under similar conditions, dihydroquinamine gave rise to two 
womeric dihydroisoquinamines (provisionally termed -I and -II). A more detailed investigation 
has now been made of the action of alcoholic alkali on quinamine, and it is found that, in 
addition to tsoquinamine, two other isomerides, epiquinamine and isoquinamine-I[, are 
together with some unidentified material. Under the conditions given in Part III for the 
preparation of isoquinamine, all three products are formed and may be isolated by a suitable 
procedure, isoQuinamine is the main product (48%), while epiquinamine is obtained in very 
small amount along with a little unchanged quinamine. — 

isoQuinamine-II is apparently a diastereoi of isoquinamine: the ultra-violet 
as epi-isoquinamine) and both substances are yellow and exhibit the same green fluorescence in 

solution. However, isoquinamine-II resembles dihydroisoquinamine-II in that the 

colid crystals chow a blue Suosescence in ultra-violet light, in contrast to the bright yellow 
fluorescence of solid iso- and dihydroiso-q In harmony with this conclusion 
tsoquinamine-II is converted quantitatively into dihydroisoquinamine-II on hydrogenation in 
the presence of palladised charcoal, 


Fre. 1. 


-300 


When quinamine is heated with ethyl-alcoholic potassium hydroxide, there is a rapid increase 
in the optical rotation of the mixture, and after 24 hours epiquinamine may be isolated in about 
40% yield, the remaining quinamine being mostly recovered unchanged. The yield of 
epiquinamine is not increased, but rather decreased, by a longer period of heating, the actual 
change in optical rotation with time of heating (with alcoholic sodium ethoxide at 80°) being as 
shown in Fig. 1. The rotation rises rapidly to + 156° (corresponding to 53% of epiquinamine) 
and then falls until it reaches a final steady value of — 275° after 320 hours. After this prolonged 
heating, the only isolable products are isoquinamine-I ([a), —424°) and ssoquinamine-II 
({a)p — 269°), the latter in somewhat the smaller amount. The proportions of these products 
were not even approximately those which might be inferred from the final value of the optical 
rotation, so that unidentified by-products must also have been formed. 

eprQuinamine may be partly reconverted into quinamine by a similar heating with ethyl- 
alcoholic potassium hydroxide for 2) hours. The yield of quinamine was 30% and the 
unchanged epiquinamine was recovered. It is apparent therefore, that alcoholic alkali induces 
a rapid reversible reaction, quinamine [—* epiquinamine, which does not reach a true 
equilibrium because of the slow irreversible transformation of one or both compounds into the 
tsoquinamines and other substances. 

epiQuinamine has an ultra-violet absorption spectrum which is very similar to that of 
quinamine (Pig. 2), while its infra-red absorption spectrum confirms the absence of a carbonyl 
group. It may be converted into apoquinamine and quinamicine by the methods used for 
quinamine (Part J., 1945, 524). 

Although confirmation by direct comparison has not been possible, it is almost certain that 
epiquinamine is identical with the alkaloid conquinamine, C,,H,,O,N,, m. p. 123°, [a], + 203°, 
which accompanies quinamine in small relative amount in Cinchona bark and was first isolated 
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by Hesse (Ber., 1877, 10, 2158). Conquinamine is reported to form a sparingly soluble nitrate 
(Oudemann, Annalen, 1879, 197, 48) and possession of the same property by epiquinamine 
provides the basis for its ready separation from quinamine. Unfortunately, although a number 
of salts of conquinamine have been prepared, no melting points are recorded, and further 
comparison in this way is not possible. Conquinamine may also be converted into apoquinamine 
and quinamicine (Hesse, Annalen, 1881, 209, 64, 67). 


Bare 


(c) 


Further evidence of the nature of epiquinamine is provided by the fact that, like quinamine, 
it may be reduced by means of lithium aluminium hydride. Goutarel, Janot, Prelog, and 
Taylor (Helv. Chim. Acta, 1950, 38, 150) have shown that quinamine is reduced by this reagent 

to cinchonamine, the net result being the loss of one oxygen atom. On repeating this experiment 
we have obtained the intermediate dihydro-derivative, mixed possibly with some 
quinamine, and subsequently dehydrated it to cinchonamine by heat. ep:Quinamine is reduced 
in a similar manner to an isomeride of cinchonamine which exhibited a similar ultra-violet 
absorption spectrum (Fig. 2) and is termed epicinchonamine. It was found in this case that 
the dihydro-derivative underwent spontaneous dehydration in solution in ether at the ordinary 
temperature. From these observations it is clear that epiquinamine is a diastereoisomeride of 
quinamine. 

On the basis of the formula (II) proposed by Prelog and his collaborators (Joc. cit.) for 
cinchonamine it is clear that stereoisomeric must be concerned with the circumstances 
obtaining in the quinuclidine nucleus, and cannot involve the indole moiety of the molecule. 
And further, since the isomerism of quinamine and epiquinamine persists in cinchonamine and 
quinuclidine nucleus. The existence of two isoquinamines and dihydroisoqui 
cbviouly tobe attnbuted othe sme that of fo qunamines and two cachonamins 

Cc 


Fis, 2. 
Ultra-violet absorption (sm alcohol). 
ff 
iss A 
A 
Bi 
2-5 
-length, A. 
A) Quinamine. epiCinchonamine, 
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Hence we propose to adopt one system of nomenclature in the three cases and to replace the 
names isoquinamine-II and dihydrotsoquinamine-Il by efi-tsoquinamine and dihydroept-iso- 
quinamine, respectively. 

Further evidence for the diastereosomeric nature of cinchonamine and epicinchonamine has 
been provided by the formation of both bases when epoquinamine was reduced with sodium 
and alcohol (see below). 

This observation identifies the asymmetric carbon atom concerned in the epimerisation as 
C.» in the quinuclidine ring, a deduction in harmony with 4 priori consideration based on our 

existing knowledge of racemisation phenomena in this group. 

The occurrence of the epimerisation has an important bearing on the question of the function 
of the second oxygen atom in quinamine, for it is found that neither cinchonamine (II) nor the 
isoquinamines are affected by prolonged heating with alcoholic alkali. This precludes the 
possibility that the racemisation is due simply to the hydrogen atom attached to C,,, being 
sufficiently labile per s¢ to permit of the inversion at that position. Doering, Cortes, and Knox 
(J. Amer. Chem, Soc., 1947, 69, 1700) have concluded that the racemisation at C,,, in quinine, 
cinchonine, and related alkaloids is due to preliminary oxidation of (say) quinine (III) to 
quininone and enolisation of this to destroy the asymmetry at C,,. This is further substantiated 
by the finding of Woodward, Wendler, and Brutschy (ibid., 1945, 67, 1427) that methylquinidine 
(IV) is unaffected by heating with alcoholic alkali. This base bears the hydroxyl group at 
Cy, but the potentiality for oxidation and enol formation is precluded by the methyl group. 


CHyCHyOH 
omen 


& 


(tL) (IV.) 


Without arriving at a definite conclusion from these striking facts as to the validity of 
Doering’s hypothesis in its simplest form, we must at least recognise that racemisation at C,,, 
will occur if Cy, is ~CO~ and not if it is~CMe(OH)-, This could be attributed to the potentiality 


for the displacement >C=0" in the former case, or some analogous condition of -CH(OH)- 
which is not possible with ~CMe(OH)-. It could, for example, be “COP oH. In any case 
the essential feature is a positive charge, not necessarily a full one, on C,,,. eeananer” of 
oxide formula for quinamine the same potentiality exists through the displacement - 


It must be noted, however, et 
expected on theoretical grounds to take such a course that C,,, would acquire a positive charge. 
The general effect of the nitrogen atom should favour the other direction of polarisation. 


c Cc 
50 promotes rather than 


More plausibly an electromeric displacement, CoB, say to 


ot wing wank tate of the stam) bat this 
does not provide C,,, with a positive charge. 
At this stage we are not compelled to invoke a special hypothesis of polarisation, for it may 
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well be that the inductive effect of N and O combined with the distortion of valency-electronic 
configuration in the three-membered ring bares the nucleus of C,,,, inducing an electric field 
sufficient to loosen a proton on a neighbouring carbon atom. A decision on these points must 
await study of appropriate models, which are not available at the present time. The evidence 
in favour of the formulation of quinamine as an epoxide (I) is all indirect. It may be 
summarised as follows.* 

(a) Of the two oxygen atoms, one has aliphatic hydroxy-function and the other must have 
ether function (absence of CO bond in the infra-red spectrum, absence of N-oxide group). 

(6) This ethereal oxygen is the site of reduction (LiAIH,) and the product is a tertiary 
alcohol (not an aromatic indole derivative) which easily loses the elements of water with 
formation of an indole derivative. 

(ce) There is independent evidence that isoquinamine is a 2: 2-disubstituted indoxy! 
(cf. Part TV and below), and the rearrangement of (I) required to produce such a substance (V) 
is of a normal type. 

Consideration of (a), (0), and (c) leads to the conclusion that an epoxide constitution provides 
the best explanation of the findings; (6) indicates that the epoxide oxygen is attached to the 
a- or the §-position of the indole nucleus, and (c) indicates that it is attached to both these 

The stability of quinamine towards thiourea, potassium selenocyanate, or potassium ethy! 
xanthate, which react very readily with simple ethylene oxides (Davies ef al., J., 1946, 1050; 
1949, 278), may be explained as the result of the protective effect of the heavy substituents. 
All these anionoid reagents must attack a carbon atom of the ring. Cationoid reagents, such as 
acids, may however attack the more exposed oxygen atom and they do in fact react readily with 
quinamine. 

After the identification of the true 2 : 2-tet thyleneindoxy! (Plant aud Robinson, Nature 
1950, 165, 36) a model was available for this type of structure, and the similarity in properties 
between the tsoquinamines and this substance was seen to be even more striking than the 
resemblance to the 4-ketotetrahydroquinolines. Independent evidence now strongly favours 
the indoxy!l constitution for isoquinamines and hence the structure (V) in relation to Prelog’s 


The m-dinitrobensene test for the group ¢>CH-CO- has bees improved and found to give « 
positive reaction with phenyl isopropyl ketone, 4-ketotetrahyd inoline, and hexabydro- 
acridone. It is entirely negative with 2: 2-tetramethyleneindoxyl and with the isoquinamines 
and dihyd 

Furthermore Eldertield and Maggiolo (J. Amer, Chem. Soc., 1949, 71, 1906) have shown that 
4-ketotetrahydroquinolines can be debydrogenated to 4-hydroxyquinolines by means of 
palladium catalysts and maleic acid. We have acquainted ourselves with the proper conditions 
and find that the isoquinamines cannot be dehydrogenated in a similar manner. 

The structure (V) suggests no plausible mechanism for epimerisation at C,,, and we have 
been unable to bring about any transformation of ssoquinamine into epi-isoquinamine, or 
vice versa, in the presence of boiling alcoholic sodium ethoxide. It is highly probable that 
quinamine and ep:quinamine correspond to tsoquinamine and epi-tsoquinamine, although not 

between quinamine and epiquinamine, much more rapid than the 


Fig. 3 shows the ultra-violet absorption spectrum of isoquinamine compared with those of 


Oo CHO 

Cc 
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reduction of apoquinamine with sodium and alcohol affords a mixture of cinchonamine and 
epscinchonamine. The formula (V1) also explains the weak basicity of apoquinamine (cf. Hesse, 
Ber., 1872, 5, 265) which is exemplified by its extraction from a solution in dilute acetic acid 
with ether (the purification procedure specified in Part I should therefore be modified). The 


Fio. 3. 
Uliva-crolet absorption (im alcohol). 


2500 
(4) 


C) epi-tsoQuinamine. y 
constitution of apequinamine is similar to that of neostrychnine in that both bases are vinyl- 
amine derivatives. Coupling of neostrychnine with p-nitroben di jum salts in weakly 
acid solution causes oxidative fission of the double bond and formation of a p-nitrophenyl- 


hydrazone : 
CHICH-‘N- —» CIN-NH-C,HyNO, + OCH-N- 


The product gives at once a light cherry-red colour in alcoholic sodium hydroxide solution. 

In the case of afoquinamine an orange-coloured amorphous substance was precipitated and 
this was insoluble in N-hydrochloric acid. Its orange-yellow solution in alcohol became only 
pale greenish-brown on the addition of sodium hydroxide but this solution developed an intense 
bluish-red (damson) colour in a few seconds. It is clear that, if the coupling reaction is 
analogous to that of aeostrychnine, the last stage is completed by the action of alkali. On 
acidification, the bluish-red solution became orange-yellow and the bluish-red colour was at 
onee restored by the addition of sodium hydroxide. 


model substances. It can be seen that the results are in harmony with the substituted indoxy) 
theory but cannot be said to exclude a hydroquinolone hypothesis. 
The ultra-violet absorption spectra of epequinamine and acetylapoquinamine are shown in 
Pig. 2. The indications are that the indole nucleus is present with an additional conjugated 
centre, and formula (VI) accords with these results. In confirmation it has been found that 
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the steam-distillation from which the 1 reaction product was 
concentrated to a small volume and extracted with affording a solid 
i (56 m. p. 199—201°, mixed m. p. 200—202° (total yield 
naming ssoQuinamine (50 mg.) and palladised charcoal (15 mg. 

pressure for 3 hours. The 
furnished dihydroepi-isoquinamine (50 mg), m. p. 193-196", mixed m. p. 


gave 
; N, 90. C,H 
from the 


amount (0-03 g.) of nearly 
tion of 


inamine (1 mg 


followed by heating at 80° 5 solution of 
sealed tube 
tioned also asa 


the product was converted into 
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EXPERIMENTAL. 
(0-72 g.) im amyl alcohol (the mixture, chiefly & ¢.c.) 
was for 45 minutes, the amy! alcohol removed by steam-distillation, the ual resin 
separated and dissolved in a little hot ethyl alcohol. On cooling, bright yellow prisms of isequinamine 
(1-62 g.), m. p. 203—206°, were obtained and concentration of the filtrate, after the addition of a little 
Dale yellow clustered nesdiee of (crade 
170—174". After further 
having m. p. 201—-203° and mixed m. p. 204" 
extracted with benzene, and the wats and extract was —- through an alumina column. 
A rapidly moving band, colourless in ordinary light but showing white fluorescence in ultra-violet light, 
gave colouriess oll which slowly solidified. Recrystallisation 
from which quinamine (0-01 g.; hard knobs of needles), 
69—172°, mixed m. p. 171-—173°, and epigus large prisms), 
these two components only. Elution of remaining complex. band syste benzene con- 
fluorescence in ultra-violet light. However, the band was not homogeneous and both fore and rear “ 
" A second absorption on alumina 
solution. In this way the lar 
Action of Ethyl-alcoholic Potassium Hydroxide on Quinamine.—A solution of quinamine (1-0 g.) and 
potassium hydroxide (0-2 g.) in ethyl alcohol (12 c.c.) was refluxed for 2 hours, the alcohol was removed 
ie vacuo, water was added and the products were extracted with other. The solid left on evaporation 
of the extract was triturated with n-nitric acid (5 c.c.) and water (6 c.c.), and the mixture filtered after 
2 of the filtrate gave unchanged p g.). m. p. The 
nitrate (0-45 g.) crystallised from water in stout prisms (0- s) = . 202° aan) © 
> inamine (0-25 g.) at as tic m - 
from | m. p. 120-121", 2-5 im alcohol) 
(Found: C, 72-9; H, aN, requires C, 73-0; H, 7-7; N, 90%). Neutralisation 
of the mother-liquors tion of the crude epiquinamine nitrate yielded a further 
pure m. p. so that in subsequent preparations, 
ate cou xe eliminated 
flat plates sealed on each end, and a side-arm in the middle for filling and sealing. The alcohol used was 
parted vy rel it with zinc and sodium hydroxide and distilling it from sodium, and the filling of ; 
tube performed as far as pomuble under nitrogen in order to minimize colouring of the solution 
(cf. Doering, Cortes, and Knox, Amer. Chem. the optics! 
determined even after heating for 380 , although the final products were 
themselves yellow. results are shown in Fig. 1, After the experiment, the solution was 
concentrated, a little water added, and the product Slowed to eryetailer’ Clasters of yellow needles 
picking gave Yellow and partly white Seorescence in wltre-viciet light Hand- 
picking gave isoquinamine (yellow prisms), m. p. 196-198", mixed m. p. 197-201", 
quinamine (needles), m. p. 158-100" mixed m. p. 168-178". The mother Mesers, on further dilution 
with water, gave epi-isoquinamine as a white-Auorescent silid, crystallising from bensene in yellow 
manner described above. i.e nitrate (26 mg t; m. p. 197°, was separated, and neutralisation 
of the filtrate gave a id (16 m. p. 150—156°, which was On 
recrystallisation from aqueous aloha, it formed glistening needles, m. 167 mixed m. p. 
of —Wates (2 ¢.c.) to which 4-ketotetrahydroquinoline 
(50 mg.) palladised charcoal (10 mg. ; 10% Pd) had been added was refluxed for 14 hours, and then 
filtered and evaporated. The residue was washed with ether and crystallised from dioxan to give 
pan m. p. and mixed m. p. 195—~197°. When the experiment was carried out 
the of acid as prescribed by Elderield and Maggiolo cit.) im similar canes the 
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tly 

by combination of two molecules of 4-hydroxyquinoline with one molecule of acid 

C, 666; H. 47; N. 69. C,.H,.O.N, requires C, 650; H, 44; N, 69%). This substance 
reftu of 4-ketotetrah . maleic acid, 


(Found 
was not 


stom smamine into apoQuinamine —eprQuinamine (30 mg) was heated with an excess 
of acety chloride in for hore, the tolvent evaporated. and the the residue dissolved in a 
was removed im vacuo and the product, ted by means of ether ben ape dilute acetic acid, and the 
solution clarified centrifugal Addition of an aqueous solution ee ae jodide (0-15 g.) 
slowly solidified. After 2 hours at 0°, crude hydriedide ome). 
p. 180-185", mixed m. p. 186-190", was collected. Neutralisa of a warm, 
woitioe of the b driodide gave white ms of apoquinamine, m. p. 116—111°, mixed m. p. 110-—112°. 
Conver ston tno inamicine.-A solution of efiquinamine (50 mg.) in 10% acetic 
acid (6-5 <.c.) was i for 48 hours and the base precipitated with ammonia. The gum was washed 
by decantation, taken up in dilute acetic acid, and mized with alcaholic picric acid. The picrate, which 
formed, crystallised from water in very small yellow needles, m. p. and mixed m. p. 195—-196° (dec .). 
Reduction of Quinamine with [ ithiwm Hydride —A solution of li by 
(0-04 g.) in ether (2 c.c.) was mally added to one of quinamine (0-1 g. in 10 ¢.c_), and the mixture was 
refluxed for 15 minutes. ater was added to decompose the excess of hydride, and the washed and 
dried ethereal solution was evaporated at room temperature to give a colourles amorphous solid. The 
composition of this substance, and its subsequent conversion by t into cinchonamine, indicated = 
it was the dihydro-derivative, formed by the reductive fission of the p og A ring, mixed — 
some unchanged quinamine. When beated it began to soften at wah 
evolution of gas, partly resolidified at about 100°, and slowly melted again as ne Tose to 
190” (Pound, in material dried in vacwo at the ordinary temperature: C, 724; H, 9-0 eae oe 
uires C, 72-5; H, #3%). Deb tion of this compound by heating it at 12 mm. for | hour 4 
cinchonamine, identified by m. p. and mixed m Teer with an authentic specimen 
cpiCinchonamine uction of wina with lithium aluminium hydride, under 
the conditions described above for the reduction of quinamine, yielded a iene solid, very 
composition and behaviour on beating to the product that was obtained from quinamine ine (Pound, in 
material dried in at the ordinary temperature: C, H, #4; N, 82. C,,H,,O,N, requires 
pK H, #3; N, 89%). Considerable ulty was being experienced in attempts to obtain trom 
substance either cinchonamine, or an isomer by high-temperature dehydration 
wees a chance observation led to the discovery that dehydration could occur spontaneously at the 
ture. It was noticed that some crystals separated from a concentrated ethereal 
solution of the reduction product, which had been kept for about an hour at foom temperature. bes 
~ ed Ge prepar f lithium ahi 
procedure was t its ation tion ©} m minium 
inamine (1-43 g. in 36 c.c.), and the solution 
was refluxed for 3 hours. excess of hydride was decomposed by the cautious addition of water, 
was washed, dried. and cancentrated to a volume of Wc.c. When 
the solution was stals of pure inchonamine rated in the form of prisms (0-36 ¢.), 
168", + ia (F ound; C, 76-9; #1; N,@2. requires C, 77-0; 
N, 05%). By the mother liquor trom the crystallisation fo fu 
lithium aluminium hydride an additional small amount (0-12 g 
epiCinchonamine closely resembles cinchonamine in crysta form and solubility in the common 
solvents. It is readily soluble in alcohol, chloroform, or benzene, less so in ether, very sparingly so in 
= petroleum, and it is almost insoluble in water. Like cinchonamune it forms a very soluble 
ate, which separates as oily dr . on crystalline, on @ fom bee ve aqueous tion of 
um nitrate to one of the by rochloride. The eo trom , i 
readily soluble, has m. 


epic 
@ methyl-ale ution of vanillin, with the addition of concentrated hydrochloric acid, a rose 
colour Goveloge 8 at once in the cold and slowly intensifies to a reddish purple. When the solution is 
heated, the « is almost discharged, changing to a faint yellow, which turns to red on the addition of 


a trace of sodium nitrite. Cinchonamine, when treated in the same way under exactly comparable 
conditions, behaves differently. On mixing the reagents no colour is given in the cold, but on heating a 
faint rose colour develops which intensifies to red on the addition of a trace of nitrite. 

Attempts to Epymerise Cinchonamine — No change in the optical rotation of a solution of cinchonamine 
(1g) ia vathyl alcohol (14 ¢.c.) containing potassium hydroxide (0-02 g.) was observed after heating in a 
sealed tube at 70° for 12 hours. Heating with more concentrated ali at a hi fgp= ture and 
Bada) cart there was no change in rotation of the 
at 

Reduction of apoQuinamine.—A reftuxi .) in ethyl alcohol 
(10 c.c.) was treated with small pieces of tum g.). hed water 

rystalliaed before all the alcohol had been removed; after some time at 0°, white needles (0-2 g.), 

+> 134--138°, were collected. An carlier experiment had shown that, al cinchonamine was 

y isolated by reason of its sparing solubility, the second product was very to obtain pure 
(separation by means of the nitrates being unsuccessful because of the insolubility of epicinchonamine 
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crop was pure cinchonamine (47 mg. ; 2. (1&7 mg. in 1-06 c.c. of alcohol) ; 


however, gave a mixture (14 mg.) from which tn of 

yields of by hand, Tho ane The fractions by 
m. p. 147155"; 6 mg., m. god 30 157—165" (t being shown 

35%, 143—152"; 29%, 1 157". 
and to Dr. Harold PRS, 
They alo Thanh National University for a 
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309. The Action of Formaldehyde on Proteins. 
By Ropert D. Haworrn, Roy MacGuuivray, and Davip H. Peacock. 


derivatives 
bromo-derivative to give condensation products which on hydrolysis yield |-aminomethy!-2- 


— or its mono- or its dibromo-derivative. Analysis of the condensation ts for 
It is conch that. under the alkaline cond formaideh converts some 
of the amide grow of the protein molecele into N- -hydroxymethy! derivatives, but that 
under acidic the formation of N-hydroxymethy! derivatives is reduced. 


Tue industrial importance of the products obtained by the action of formaldehyde on 
has led to a considerable amount of work on the nature of the reactions involved and that done 
up to 1945 has been reviewed by French and Edsall (“ Advances in Protein Chemistry,” Vol. LI, 
1945, p. 277). One of the first proteins to be examined was collagen and it was concladed that 
formaldehyde condensed with the amino-groups present, forming methylene bridges (K. H. 
Meyer, Biochem. Z., 1929, 208, 23). Such a conclusion could not apply to those proteins which 
are condensed with formaldehyde in an acid medium, in view of the instability of methylene- 
diamines under such conditions (Knudsen, Ber., 1914, 47, 2608). Later work on other proteins 
has produced evidence of the interaction of groups other than amino-groups. Carpenter and 
Lovelace (Ind. Eng. Chem., 1942, 34, 566) pointed out that casein bound more formaldehyde 
than could be accounted for by the amino-groups present and suggested that hydroxyl groups, 
phenolic or alcoholic, also reacted. Other groups suggested as taking part in the reactions are 
amide (Wormall and Kaye, J]. Soc. Chem. Ind., 1945, 67, 75), ghyoxaline (Theis, /. Biol. Chem., 
1944, 154, 87), peptide (Nitschmann and Hadorn, Hele. Chim. Acta, 1944, 27, 209), indole 
(Prankel-Conrat, Brand, and Clark, J. Amer. Chem. Soc., 1937, 68, 200), guanidyl (Frankel- 
Conrat, Cooper, and Olcott, ébid., 1945, 67, 950), and disulphide (Middlebrook and Philips, 
Biochem. ]., 1942, 36, 294). Wormall and Kaye (loc. cit.) found that casein, zein, and arachin 
proteins and concluded that the amide groups played an important part, but, as collagen and 
silk fibroin, which contain no amide group, can teact with formaldehyde, it is clear that groups 
other than the amide group participate in the reaction. Much of the evidence brought forward 
concerning the nature of the reaction between formaldehyde and proteins is based on the uptake 
of formaldehyde, as determined after liberation by acid hydrolysis and steam-distillation. It is 
very unlikely that all the combined formaldehyde will be determined in this way ; evidence of 
irreversibly bound formaldehyde, i.2., formaldehyde not set free by acid hydrolysis, has been 
addaced (Swain, Kokes, Hipp, Wood, and Jackson, Ind. Eng. Chem., 1948, 40, 465), and it is 
known that formaldehyde may form stable compounds with some amino-acids (Frankel-Conrat, 


: to one them. 
Dysow Peretws Laporatory, Oxroxp Uxivenstry. 
It 
such 
a derivatives which condense with 8-naphthol or its 6-bromo- or 3; 6-dibromo-derivative. 
The !-acytamidomethy!-2-naphthols so produced are hydrolysed by acids to Il-aminomethy!-2- 
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Brandon, and Oicott, loc. cit.; Pictet and Sprengler, Ber., 1911, 44, 2030; Jacobs and Craig, 
J. Biol. Chem., 19%, 113, 750), tyrosine and tryptophan being converted in acid solution into 


grou 
reasonable to suppose, could only have been formed from such 
1908, 361, 113) showed that t formaldehyde 
of type (I), and under 
and (II) were more stable than the corresponding amine derivatives, and several N-hydroxy 


RCO-NH-CHyNHCO-R R-CO-NH-CH,yOH 
(L) (IL) 


methylamides were condensed with §-naphthol in cold dilute alcoholic hydrochloric acid to give 
l-acylamidomethyl-2-naphthols (III). In the presence of concentrated sulphuric acid, 
condensation was also effected with anisole, p-nitrophenol, quinol, and catechol, but such reaction 
condition appeared too drastic for use with proteins. We have prepared in good yields con- 


Hy NH-CO-R R-CO'NH-CH,'N <(CH,), (IV.) 
(V.) 
§-naphthol, with N-hydroxymethylbenzamide (II; R= Ph) and 
N-hydrowymethylphenylacetamide (11; R = CH,Ph), and hydrolysed the products, also in good 
yields, by wari alcoholic hydrochloric acid to 1-aminomethyl-2-naphthol. 

The 1l-aminomethyl-2-naphthol was not produced when §-naphthol, formaldehyde, and 
ammonium chloride were allowed to react in cold or warm hydrochloric acid solution, and 
consequently the l-amino-2-naphthol cannot be derived from loosely bound formaldehyde 
and ammonia liberated by hydrolysis of the amides. Similar products prepared from 6-bromo- 
and 3: 6-dibromo-2-naphthol yielded 6-bromo- and 3: 
respectively after hydrolysis. Dimethylaniline also reacts with (Il; R = Ph) and (II; R = 
CH,Ph) to yield p-bens- and p-phenylacet domethyldimethylaniline respectively, and, although 
these were hydrolysed to p-aminomethyldi ) iline, * the yields were not so good as 
with §-naphthol and its bromo-derivatives. On the other hand, bisbenzanilido- (1; R = 
Ph) and bisph ikdo-methane (I; CH,Ph), benzamidomethyl- (IV; K Ph) and 
1-phonylacetamidomethyl-piperidine (IV; R = CH,Ph), and phenylacetamidomethyl benzyl ether 
(V) did not react with §-naphthol under the conditions employed for condensation with 
N-hydroxymethylamides, and at higher reaction temperature compounds (1; R = Ph) and 
(1; R CH,Ph) gave methylenebis-§-naphthol. 

As a result of these model experiments it is obvious that if a protein reacts with formaldehyde 
to give N-hydroxymethylamides (I) then such compounds should condense with $-naphthol and 
similar phenols to give products capable of hydrolysis to 1-aminomethyl-2-naphthol and related 
bases. Conversely, the isolation of 1-aminomethyl-2-naphthol from the product of condensation 
of $-naphthol with a formaldehyde-treated protein, would be strong evidence that the latter 
contained the group ~-CO*-NH-CH,yOH or -CO-NH-CH,R where R was a group readily removed 
during condensation under the conditions employed. When arachin (ground-nut protein) was 
treated with formaldehyde under alkaline conditions and then condensed with $-naphthol or its 
6-bromo-derivative, it yielded products which on hydrolysis gave l1-aminomethyl- and 6-bromo- 
l-aminomethyl-2-naphthol respectively. Similarly, 6-dibromo-l-aminomethyl-2-naphthol 
was obtained by hydrolysis of the product prepared from formaldehyde-treated gluten and 
3: 6-dibromo-2-naphthol. These observations are regarded as direct evidence of the formation 
of N-hydroxymethylamide derivatives of the proteins under these conditions. The hydrolysis of 
the condensation products of §-naphthol, 6-bromo- and 3: 6-dibromo-2-naphthol with form- 
akiehyde-treated protein produced a complicated mixture from which the corresponding 
aminomethyl-2-naphthol is only isolated in smal) yield after a somewhat tedious process. 
Determination of bromine in the products obtained from formaldehyde-treated protein and 
6-bromo-2-naphthol, however, provides a measure of the extent of condensation with N-hydroxy- 
methylamides or similar reactive groups and Table I records the result obtained when the 
bromine determinations were made by Robertson's method (/., 1915, 107, 902). It was shown 
in model experiments that alcoholic sulphuric acid could be used instead of hydrochloric acid in 


The present paper describes attempts to produce evidence of the condensation of 
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condensing the formaidehyde-treated protein with the bromonaphthols, and this avoided errors 
caused by occluded hydrochlone acid. Formaldehyde-treated silk fibroin condensed with a 
amount of 6-bromo-2-naphthol and this is consistent with the absence of amide 
in this protein. Tho vith am 
a very low percentage of groups which react with the naphthol was to be expected, as under these 
acid conditions amides form N-methylenebi des (1) which, as shown above, do not react with 
$-naphthol. Arachin, glycinin, ghadin, and gluten, treated with formaldehyde in 1% potassium 
carbonate solution (pH 10) and then condensed with 6-bromo-l-naphthol, show a bromine 
content corresponding to reaction with approximately 13% of the amide groups present in the 
protein (see Table 1). The discrepancy may be caused by steric factors preventing reactions 
between formaldehyde and hindered amide groups, or alternatively the reaction between 
be retarded. This steric explanation 
finds some support from the experiments, summarised in Table II, with 3 : 6-dibromo-2-naphthol 


No. of amide 


pH of CH,O Found : Chem. & 

Protein. solution. Br, %. reacted. ha 1950, 33). reacted. 
10 0-05; 0-08 0 -- 
Arachin (ground nut) 10 1-23; 1-30 16-5 127 130 
Glycinin (soya bean) 10 186 130 
7) 0-25; 0-28 32 27 
Zein (maize) ............ 10 3-25; 3-30 46 24 214 
6 0-22; 0-30 3-5 — 16 
10 2-84; 2-78 36 307 
0 0-49; 0-52 58 — 20 
10 1-92; 2-22 31 235 13-2 
10 0-65; 0-71 82 s3 98 

Tasie 


Reaction of formaldehyde-treated avachin protern) under varying alkaline conditions 
with 
ound : /10* g. j pw 
solution, Br, %. treated. > 

i 12; 13 16-5 127 13-0 

146; 17 127 18-0 

2-2; 23 31 127 “44 

2-2; 2-5 127 a4 

2-5; 26 35 127 280 


and formaldehyde-treated proteins. The results are similar to those reported above in Table I, 
but the heavier naphthol derivative employed in this case inhibits the reaction, and the bromine 
contents at pH 10 correspond to reaction with only 10% of the amide groups present in the 
protein. The high values for zein, particularly the value with 6-bromo-2-naphthol, are difficult 
to explain; formaldehyde-treated zein dissolves in the alcohol during treatment with the 
bromonaphthols possibly with greater exposure of N-hydroxymethylamide groups to attack. 


Tase I, 
Reactions of formaldehyde-treated proteins with 6-bromo-2-naphthol. 
% of amide 
grou 
Reactions of formaldehyde-treated proteins with 3 : 6-dibromo-2-naphthol. 
No. of amide 
pH of CH,O Found: which 
Protein. solution: Br, %. treated. 
Arachin (ground nut)... 10 18 12-5 127 98 
Giada 10 41 28 307 
10 3-5 23 24 10-1 
Oal 33 16 
Glute 10 33 22-5 235 6 
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When the concentration of the potassium carbonate used in condensing the protem and 
formaldehyde is raised from 1 to 10% the number of hydroxymethyl groups, as measured by the 
bromine present after condensation with 6-bromo-2-naphthol, increases. It was observed that 
the protein was more dispersed in more concentrated potassium carbonate solution, and this 
factor, which is under further consideration, may be one facilitating reaction. Table Ili 


sammarises these results. 
EXPERIMENTAL. 
N-H pee CH,Ph).—-A suspension of 
# water-bath for 4 few minutes until dissolution was complete. N-hydros 


and dried. It crystallised from toluene in colourless plates (51 ~> 
Ts (Found: C, 65-8; H, 665; N, #4 C,H,,0,N requires C, 65-4; H, 67; N, 85%), 

sotuble in hot water, alcobol, or benzene. 

1-Phenylacetamidomethyl-2-naphthol (L111, CH,Ph).—A solution of N-hydroxymethylipheny!- 
acetamide (5 g.) and @-naphthol (5 g.) in alcohol (50 c.c.) containing concentrated hydrochloric acid 
(1 cc.) or 50% sulphuric acid (1 c.c.) was refluxed for 20 minutes. After cooling, the product was 
collected, and « fw crop obtained by concentrating the liquors 
phemylacctam yl-2-maphihol in lon needies (7-4 g.), m 141° (Found : C, 78-0; 

58, requires C, 783; 68; N, 48%). Instead of y refluxing as described 
above, the reaction may be carried out by beeping the mixture 4 days at room temperature. 

6-Bromo-\-phanylacetamidomethyl-2-napMhol, prepared similarly im 85% yield from 6-bromo-2- 

naphthol (Franzen and Staubie, /. pr. Chem., a 342), crystallised from alcohol in long needies, 
m (Found C, 617; 35. C,,H,,O,NHr requires C, 61-6; H, 4:3; N, 3-8%) 

2- -naphthot, prepared similarly m 90% yieid 
benzamide (Einhorn, loc. cit.), separated from alcohol in colourless . 219-—220° (Found : 
C, Br, 22-6; C, pat wires C, 60-7; H, 3-9; Br 2 5; N, 3-0%) 

3: 6-Dibromo-2-naphthol was pre vared by the ing modification of the metho! described 
Pranzen and Stauble (lee. cit.). A solution of bromine (160 g.) in acetic acid (60 c.c.) was added w 

and cooling at 25— 30° during 30 minutes toa solution of B- — (72 g.) in acetic acid (220c.c.). 
After 2 hours at room temperature the suspension of | : 6-dibromo-2-naphthol which had formed was 
warmed to 4050", and a solution of bromine (06 g.) in acetic acid (30 c.c.) added rapidly. After 2 hours 
on the water-bath, the product was cooled, collected, washed with acetic acid (250 c.c.) and then water, 
and dried in air. Thiscrade | : 3 6-tribromo-2-naphthol (160 g.), m. p. 110-—122* (Franzen and Stanble, 
foc, ctt., gave m. p. 133° for |: 3: 6-tribromo-2-naphthol containing mole of acetic acid), was reftuxed 
with acetic anhydride (700 c.c.) for 3 hours. When the reaction mixture cooled to room temperature, 
1: 3: 6-tribromo-2-na acetate (07 g.), m. p. 183-185", separated; after crystallisation from 
benzene had m. #7—-188° (Franzen and Stauble, Joc. cit., give 188°). 1:3: 6-Tribromo-2- 
naphthyl acetate (75 g.) was reduced by refluxing it for 6 hours with tin (70 g.), ciimamanen hydrochloric 
acid ( c.¢.), and alcohol (500 c.c.), and after decantation from unused tin the solution was concentrated 
under — ressure to half its volume and poured into water (21). 3 ee be” eee 
§: m 131° and after crystall from b had m. p. 

1. Cale. for C, HO Br, 52-9%) (Franzen and Stauble, loc. cit., give m. p. 135"). 

3 Didromo-l1- -2- pr ed in the usual way, cryst alcohol in 
colourless prisms, m. p. 146 C403; 32; N, 29. C,,H,,0,NBr, requires C, 49-7; 

30; N, 32%) 

3: 6-Dibromo-1 similarly in yield, crystallised from 
alcohal in long colourless needles, m. p. sist H, , 354. 
requires C, 50-5; H, 33, Br, 35-6%) 

Bensamidomethyl-NN dimethylanilime hydrochloride, prepared from N-hydroxymethylbenzamide 
(0-5 g.) and dimethylaniline (0-4 g.) in alcohol (5 c.c.) containing concentrated hydrochloric acid (1 ¢.c.), 
separated from alcohol in long colourless needles (0-22 g.) after 20 days’ storage at room gents and 
had m p (Found C, 665; H, N, 66-1; H, 65; N, 96%). 

pe ¢thyi. ie wde prepared 
p. 202° (Found: C, 66-5; H, 6-5; N, 4. ONC! requires (, 

9 9 


Hydrolysis of l-acylamido 2-naphthol and derwatives. 
1-Aminomethyl-2-naphthol.—The following is a typical experiment. 1-Phenylacetamidomethy!-2- 
naphthol (5 g.) was rettuxed for 3 hours with alcohol (100 c.c.) and concentrated acid (30 c.c.). 
The crystalline material which separated on cooling was collected, washed with alcohol, dried, and 
from hot water; l-aminomethy!-2-naphtho! hydrochloride (2-0 ted in long needles, 
= 224-225" (decomp.) (Found: 63-1; H, 5-7; N,@7. Cale. for C NCI: C, 63-0; H, 5&7; 
N, 67%) [Mario Betti, Gacretfa, 1906, 36 (1), 388, and Einhorn, foc. cét., give m. 224—-225° (decomp.) |. 
The dtiohuene- -sudphony! derivative, by warming, for 15 — oa the water- -bath, mixture 


ot the hydrochloride (0-2 g.), 10% um hydroxide solution (5 c.c.), and I chloride 

g.), crystallised from alcoho! in prime, 100° (Found: 
NG requires. 624; H, 46; 

ydrotysis of 1-benzamidomethy!- 2. “naphthol and NN’-di-(2-h xy-! i ide, 


m. p. 218° (Einhorn, joc. to b-aminomethyl-2- were efiect samilarly. 
l-benz- or 6 in colourless silky 


needies, ‘ound : 46-1; H, 38; N, 4-85. te by treat 45-7; 
N. %). which mare to the a the 
© 


yi derivative crystallised from alcobol in 

2-naphthol from my 
colourless needies, m. p. 235° (Found : C, 36-3; 24; H ,ONCIBr, 


uires H, 
27; N, 38 _ which became faintly pink on exposure to he ditctuene-p- derivative 
crystallised alcohol in short thick needies, m. 198--200° (Found C, 473; H, 3-6; Br, 24-0. 


requites C 469; 33: Br, 
(IV. RK prepared refluxing N-hydroxymethyl- 
alcohol in slender 


28° (Pound: C, 72-56; "H, #4; N, 124. C ON uires 
C, 12-4; H, 86; this and cleo (IV; = Pu), mn. p 
chloride at room temperature for 14 days. 
6 hours im an at 105-—110° with benzyl alcohol (10 c.c.) containing 80% formic acid (0-5 ¢.c.) 


After removal of excess of benzyl alcohol under reduced pressure, the residue solidifed on cooling and 
from alcohol in colourless leaflets (3-4 s+). m. p. 69—-70° (Pound: C, 76-0; H, 70; N, 6-6. 


B et. ~Phenylacetamide (5 g.), suspended in a solution 
at pH ii containing saturated sodium sulphate (37-5 c.c.), concentrated sulphuric acid (11 ¢.c.), and 40 
formaldehyde (2-5 c.c.), was heated on a water-bath. Dissolution was after a few minutes 
heating the heavy white woe ae et was collected, washed, and c from 
it formed colourless 210° Comes: C, 72-2; H, @2; N, 10-4. Cale. for 
Ct, aXe ' C, 72-3; H, 64; N, 10-1 y oa 1877, 10, 1650), who prepared this compound 
from The 


cyanide methylal ad, . 206°. 


14 days at 100m temperature, but the 


dom eth. I; R = Ph), . 216" . Prepared similarly, 


Reaction. Arachin (80 g.) was stirred for 00 minutes at 60-70" with 40% solution 
jd ap we carbonate (2-5 g.), and water (200 c.c.). The slime was collected, ined, and 

Sieetion. After the protein had been washed water and alcohol, the alcohol-wet 


wet produc 
suspended in alcohol (500 hydrochloric acid (50 and 


at room temperature for 17 days, the was with q 
dried, and xed, with , for 5 hours with alcohol ( .c.) and concentrated hydrochloric acid 
(100 c.c.) (A). The solid ( hydrolysed ) was collected, the filtrate neutralised with solid 
sodium hydrogen carbonate, and the sodium ed by filtration and the alcohol under reduced 


re. The residue was dissolved ia hot ether (350 c.c.), , dried (Na,SO,), 105 dissolved 
dilute hydrochloric acid (40 c.c.), and filtered. The filtrate, was extracted with ether (3 x 25 ¢.c.) to 
remove non-basic compounds, and neutralised with sodium carbonate, and the liberated base extracted 


and was identified as 1-aminomethy!-2-naph conversion into the hydrochloride (35 mg.), m. p. 
220—222° (dec ond the . 198°, identical with the derivatives 
described on p. 14 . Incase (6) removal of solid (20 mg.), m. p. 135- 145", 

with 


as described above and by conversion mto the ditolvenc-p- 

yl derivative, m. p. 208°. Gluten (40 g.) was similarly treated with 3 6-dibromo-2-naphthol 

(10 g.) ve a (A). The solution which was on hydrolysis was filtered to remove a smal! 
t of 


crystallisations 
naphthol, m. p. 198-—199°, i 


Reactions of formaldehyde-treated proteins with 6-bromo- and 3. 
60——70° with a solution composed of carbonate 
water (9c.c.). Theresulting acid, and collected” The 
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"Mt 
napht and 4% a ydrochloric acid for 14 days at room t erature 
naphthol compounds of Formaldehyde-treated Arachin (Grownd-nut Protem) and Gluten. —Arachin (grownd- 
hydroxide. The clarified extract was brought to pH 50 with sulphur dioxide, and the precipitated 
was collected and the sodium chloride dissolved in water, leaving a residue (1-5 g.). This insoluble 
material was in aqueous sodium hydroxide and treated with chionde the 
usual way, and the product separating from the alkaline solution was ted (30 mg.). Several 
pre the ditoluene-p-sulphony!l derivative of 6-dibromo-l-aminomethyl-2 
entical with the specimen prepared as above. 


of F de with Protems pH 0—Arachin, glycinin, 
concentrated sulphuric acid (22 c.c.), and 40% formaldehyde (5 c.c.). 
. washed with water, and dried in a vacuum desiccator. 
Hardened Proteins with (i) 6-Bromo-2-naphthol and (ii) 3: 6- 
and protem (2 
(1 ¢.c.) and 6-bromo-2-naphthoi ( 


temperature, the product was 
H 0, was soluble in alcohol and proc 
brome- or 3 (he). (20 containing 00 
to react for 18 days at room temperature. The protein was prec 
‘to ether, and the white resinous 


Chemical Industries Limited, Nobel Division, for 
Cambridge) for a gift of gliadin. 
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310. The Polymerisation of Vinyl Compounds by the Sulphite 
Radical. 


By B. Duprey Svuity. 

by the oxidation of sodium sulphite in the aqueous phase is described. The polymerisation 
is catalysed by the presence of traces of copper in a manner parallel to the known effects of 
similar quantities of copper in the aerial oxidation of sulphite solutions. The proposed 
mechanism is in agreement with current theories for both the oxidation of sulphite and the 
ia also shown that when the pressure of o: 

uces several molecules and the t is explained by chain transfer between 

growing radical and the tone te 

acid end-groups. 


‘Tuts research began with the observation that addition of sodium sulphite to an emulsion of 
styrene in water markedly increased the rate of polymerisation. Further experiment showed 
that the rate of polymerisation increased with rising temperature, being a maximum, at atmo- 
spheric pressure, at 90°. This paper describes the polymerisation of styrene but the same 
technique can be applied to other polymerisable vinyl compounds such as vinyl acetate and 
methyl methacrylate. For example, vinyl acetate can be polymerised quite rapidly at room 
temperature although, as with all emulsion techniques applied to ester monomers, the product 
may be partly hydrolysed unless the pH of the emulsion is kept within certain limits. 
The procedure in its simplest form as applied to styrene is illustrated by the following 
ment: 50-0 g. of styrene (freshly distilled) containing 0°5 g. of oleic acid were emulsified 
with twice the weight of distilled water containing 0°50 g. of hydrated sodium sulphite. The 
emulsion was stirred in a flask at 90°0° + 01° (thermostat) and was vented to the atmosphere 
through a narrow-bore glass tube about 6 in. long. In this way air could very slowly diffuse 
into the flask, aided to some extent by the expansion and contraction of the vapour above the 
emulsion caused by slight variations in the temperature of the bath. The sodium sulphite 
used contained § p.p.m. of copper and 15 p.p.m. of iron. After approximately 17 hours’ 
stirring, polymerisation was complete and there was no residual odour of styrene. During 
the polymerisation about 13 g. of the styrene coagulated prematurely to a hard mass that 
adhered to the stirrer, The Staudinger molecular weight of the product isolated by coagulation 
with butanol and acetic acid, washing with distilled water and drying in an oven, was 390,000. 
An experiment at 80° under the same conditions gave similar results. The procedure was 
improved in later experiments by the following changes. (1) The oleic acid was replaced by 
stearic acid (this improved the colour of the product after moulding). (2) Alkali or buffer 
salts were added, to lessen the variation in pH that results from such causes as the formation 
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precipitate was well washed with water, dried for several days, and powdered. Arachin was also 
products were worked up in the usual way and condensed with 6-bromo- naphthol, and the condensation 
sulphate Solution 
ium 
‘he powdery products 1 
Dibromo-2-naphthol.— | 
ing 50% sulphuric acid 
fter 14 days at room i 
1 naphthol removed by 
ashed well with «ater, | 
on. Zein, hardened at 
) (hardened o- 0), | 
% ac 
ated by dropping 
sted, washed well with 
om ether, and dried at 80° for | hour. The clear hard resin was redissolved in alcohol, recovered by pouring 
the solution into ether, and dried first at 60° for 1 hour and finally at 110—120° for 4 hours before analysis. 


(1950) Vinyl Compounds by the Sulphite Radical. 1499 


of benzaldebyde or the oxidation of the sulphite. (3) Protective colloids, ¢.g., gelatin or methy! 
cellulose, were added to the emulsion to increase its stability. (4) The presence of protective 
colloids, particularly gelatin, tends to reduce the catalytic activity of the sulphite and so 
increase the time of polymerisation. It was realised that the oxidation of sulphite is also 
inhibited by the presence of gelatin and, on the assumption that the chain oxidation of the 
sulphite was the starting point of the polymerisation, 10 p.p.m. of cupric copper were added to 
increase the rate of chain initiation. and chow the Inhibiting of gulatin 
and the manner in which it is overcome. 

In another series of experiments attempts were made to measure the absorption of oxygen 
by connecting the reaction vessel to a gas burette, but the results were not conclusive because 
pressure 


The remaining experiments (nos. 3—15) were made with particularly rigid control of oxygen 
and oxidising impurities. A review of these experiments shows that the coupling between 
the oxidation of the sulphite and the polymerisation of the styrene is not so rigid as was at first 
thought, and leads to the conclusion that the intermediate active state is capable of separate 
existence for an appreciable time. In order to examine the effect of oxygen and oxidising 
agents it was clear that special consideration would have to be given to the purification of the 
styrene before polymerisation. Earlier experience had shown that by vacuum-distillation 
alone it is particularly difficult to obtain with absolute certainty styrene perfectly free from 
oxidation products, a difficulty apparently caused by very small leaks in the apparatus. The 
can be shown by the change in colour when a sample is shaken with a small proportion of 

aqueous neutral 5% hydroxylamine hydrochloride solution containing methyl-orange. The 
best styrene samples from the point of view of oxygen impurities were prepared by steam- 
distillation. At first premature polymerisation caused considerable difficulty, but this was 
later eliminated by steam-distillation from a solution of ferrous sulphate in the presence of 
sulphur. Using the apparatus shown in Fig. 1 it was possible to work in the complete absence 
of air and the styrene could be steam-distilled under reflux and run into the polymerisation 


solution as and when required. At no time did polymerisation cause difficulty when this 
method was used. 


EXPERIMENTAL. 
The tion system for experiments 1] and 2 had the te tiene 
, anhydrous sodium sulphite 1-0, stearic acid 0-5, 
and distilled water 300. The apparatus, a three-necked flask fitted with a thermometer and an 
efficient stirrer, was cleaned with chromic-sulphuric acid to ae traces of inhibitors. Recently 
distilled styrene containing quinol was de-stabilised washing with (1) aqueous sodium hydroxide 


$ hour, (2) distilled water, 
dichromate acidified with acetic acid, and finally (4) several quantities of distilled water until neutral. 
The emulsion was prepared within 1 hour of ot de eabiieing the and was heated in a water-bath 
thermostatically controlled to 90-0° + 0-1". A temperature of 60° was reached in less than 5 minutes 
and time readings were referred to this point as zero. Samples of the emulsion were drawn at zero 
time and at 15-minute intervals until polymerisation had commenced as shown by the formation of 
an opalescence on dilution with an excess of methanol. After the induction on ged ap ene Le been deter- 
mined further samples were taken at hourly intervals. The amount pol ma hpdretion ee 
the emulsion with a ten-fold excess of methanol acidified hydrochloric acid to »/1 


estimated enon mith en times distilled water, neutralising 
acetic titrating with /10-iodine (starch) 
Experiment 1.—No added copper catalyst. 


Experiment 2.--Conditions as in . 1 except for the addition of copper sulphate equivalent 
10 p.p.m. of metallic copper, calc. on wt of styrene. 


scale commercial nitrogen containing 0°1% of oxygen has been used to obtain a controlled 
oxidation of the sulphite. 
| | 
1 2 2-25 3 5 22 
Temp. COO 895° 803° 898° 89-5° 
Wt. polymerised, % 0 o 0 trace 6-20 — 25 304 
Sodium sulphite (parMi—— 1.000 0990 0920 — 06870 0800 0805 0-426 
Time 025 O56 2 2-5 3 35 4 5 6 
Temp 87 89-8" 892° 90-0° 900° 90-2" 01-0" 90-1" 
trace 24 85 25 — — 826 10 
Sodium (parts by 
WE) 14000 0944 68056 O85 — 6760 07980 0-674 0654 0-495 0-332 


by the p suiphi 
pH on rate of oxidation of sul solutions by gaseous oxygen. 
3-—15.—Materials used were 
stabilised with quinol and sulphur, #ff 1- 


Iron content 30 p.p.m. ; 
Stearte acid. Good uals 
(e) Distiiled water. by 
condenser, it contained up to | 


Fro. 1. 


Apparatus. The apparatus (Fig. 1) consisted of a three-necked flask (4) fitted with a glass stirrer 
in a stainless steel bearing with a rubber gland and an inlet for the styrene. The whole was immersed 
in a bath at 91-0" (thermostat). The styrene was steam distilled in a current of hydrogen (30 ml./min.) 
through a specially designed column containing a separator (8) im the head, whereby the aqueous 
layer was returned to the top of the column and the styrene layer was run as required, through a stop- 
cock (C), directly into the polymerisation flask (4). The air in the aj tus was displaced by hydrogen 
from a cylinder, from which the last trace of oxygen was by passage h the heated 
filament of a 60-watt electric lamp (D) 

Styrene was added to the distillation flask, 


valent to 5-10 theoretical plates. The average composition was; styrene 160 ml. ; ferrous 
g.; stearic acid 0-5 g.; water 400 mi. The air in the flask and column was 
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method was 117,000. It will be a on & 0-4 g. of sodium sulphite 
‘ was oxidised and on the assamption that one of sulphite would on oxidation lead to the 
formation of one molecule of polystyrene the number-average molecular weight is 100 x 126/0-4 = 
31,600, which is not inconsistent with available data. Other similar experiments showed that the 
rate of poly parallel with the 
influence of 
Eapervm 
(a) Stvre 
Tr content ppm. 
bod Amer. Chem. 1938, 60, 1349). 
an iodine value less than 5 and a faint 
gh) 
with chromate using an aluminium 
“ Fic. 2. 
D ( B 
of ferrous sulphate The mixture was prevented from bumping by adding a few pieces of alumina 
and a little stearic acid to emulsify the styrene. The column was a Dufton spiral, 5 ft. and i 
| 
q 
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through a water seal before the heating was commenced. A manometer in the gas supply 

tion {A) aqueous ca’ tron, 

sodium sulphite (anhydrous) 3-0 g., stearic acid 1-2 g., 0-lu-copper sulphate 0-6 »-sodium 

bydroxide 1-2 ml., and distilled water mi. The stearte acid was added frst, followed 


to air until it was quite cool, to avoid 


by filtration through muslin. The em was acidified with concentrated hydrochloric acid, and 
bowie lated polystyrene filtered off and washed with distilled water until free from traces of chiorides 
and sulphate. 
Experiment 3. Styrene (100 ml.), and water (400 mi.) ing hydrated ferrous sulphate (10 g. 
solution contained sodium sul (anhydrous; 34 g.), 0 Llx-copper sulphate (0-6 ml.), stearic acid . 


(1-2 g.), »-sodium hydroxide (1-2 ml.), and water (600 ml.). This mixture was left overnight at 91-0° 

and then stirred for 15 minutes; at the end of the refluxing period the styrene was added at a a 
fate dering 4 minatee > was continued for a further 2 hours and the emuision was 

overnight. Hydrogen (60-70 ml. /min.) was passed the 


aa 
free from chloride and The of expt. 3. A solution 


The styrene was boiled w: reflux for 3 hours and 


emulsified in water but contained only 


copper catalyst or whether the monothionic 
radicals or radical ions have an appreciable before dimerization. The 

inexpt.3. Sodium te (anhydrous ; , and w-sodium hydroxide 
(3-2 ml.) were dissolv in water (600 ml.) at 70° and the solution was filtered in air through « Buchner 
funnel to ee ee precipitate. It was then poured immediately into the polymerisa 

of hydrogen. The styrene, which had been boiling under reflux for 3 hours, was added at a constant 


rate du 2 hours. The prodact had a Staudinger molecular weight of 304,000 and the viscosity 
of a 5% solution measured as in expt. 3 was 30 seconds. 


7. eee ‘we previous but the was tnodified so that 
the mixing and filtrat d su solution after the jon of the could be 
before and the uct had a Staudinger molec weight of 533, 

Experiment This experiment was was again similar to experiment 5 but 60 mi. of monomer 
were added to the sulphite tolution after the addition of the copper P tem perat 
was 90° throughout. The styrene monomer all 


xpervment 9 containing sodium sulphite (anhydrous; 
hydroxide and sulphate (1-9 il) wate (000 mil.) was allowed 
to remain in a hydrogen « here for 45 hours at 90° in an unsuccessful attempt So Sunsens ply- 
merisation by allowing the sul radicals to dimerise. was added during 2 mare and was 


1501 
the sodium sulphite in amount water copper sulphate solution, 
by the sodium hydroxide, was added after the sulphite solution had reached the temperature of the 
thermostat (90°). The mixture was left in the thermostat with occasional stirring for an average of 
be absorbed by the sulphite. Continuous stirring was commenced about | hour the first addition 
of the styrene. In order to standardise the conditions the styrene was boiled under tota! reflux for 
3 hours before it was added to the sulphite solution. After polymerisation the emulsion was not exposed 
legradation. Prematurely coagulated polystyrene was removed 
experiment. On — of the emulsion through muslin, | g. of prematurely coagulated material was 
obtained as a single piece. The emulsion (710 g. containing 12-3% of solid, determined by evaporation) 
was coagulated with hydrochloric acid. Ehe sulting sue © 
oven at 100°. The dry polymer had a Standinger weight of 606, and the viscosity of a 
5% solution in benzene at 20° was such that a } in. steel ball took 47 seconds to fal! through 6 om. 

Experiment 4. In this experiment no copper catalyst was added, the only copper metal present 
being that contained as impurities in the components, ——- the sodium sulphite. The | 
conditions were as in expt. 3. The resulting emulsion contai: 12-7% of polystyrene and | ¢. of 
prematarely coagulated material. The product, isolated as before, had a Staudinger molecular weight 
of 583,000 and the viscosity of a | solution measured 2s in 3 was 36 seconds 
of flotation process so that on filtration through paper in an atmosphere of purified hydrogen every 
detectable trace was removed. Styrene added to the filtrate polymerised as readily as before and 
the polymer produced gave a clear moulding free from copper. It appears that the sulphite radicals 
remain in the solution and will catalyse the _ even after the removal of the metals 
through a muslin screen which retained 1 g. The Staudinger molecular weight was 722,000 and the 
viscomty of a rf eg oe measured as before was 04 seconds. 

Experiment 10, This experiment was similar to expt. 3, except that the catalyst solution was kept 
at 90° for 17 hours before addition of the styrene and commercial nitrogen was used as the inert gas. 

In the experiments the apparatus was so that the styrene could be collected and 


and h 
by 


as in the previous 


polymerised thy 
biy the removal of the sulphite radicals by 
omens i The catalyst solution prepared as in the 


ity of a i ed as before was 3 seconds. 
yarated sulphite (6-0 and stearic g.) were added to the flask 
the bath end thous of with hydrogen sulphate (0-54 ml.) 
and w-sodium hydroxide (7-6 ml.) were water he g-). The mixture was left 
overnight without a in an atmosphere of ‘parited hydrogen. Next day the solution was stirred 
for 4 hours, after which 75 mi. of styrene were added in 10 minutes, and were polymerised in about 
30 minutes. 75 Ml. of distilled water saturated with air at 24° were next added, followed by a further 
76 mi. of styrene which were run in during 15 minutes. This second Fr ao was polymerised ina 
further hour, and so again 75 mil. of air-saturated water were added, i" ml, of styrene 
which were polymerised in about 1} hours. A further 75 mi. of air saturated water were 
then added, followed by 75 ml. of styrene. In this way a total of 300 ml. of styrene were added to 
600 mi. of catalyst solution. After cool ro monomer (26 When recovered by 
in hydrogen. The .) contained 1% of the mixture 
through muslin a single piec ymer (10 g.) was p molecular 
weight was 528, and the viscosity rr a +: solution measured as before was ~~ ae 
ment 15. In this experiment the pH of the sion was stabil the use of borax, 
te buffers having been found to interfere with the polymerisation ( (probably by the formation 
of complex salts with the copper catalyst). 

Hydrated sodium sulphite (6-0 g.) and stearie « 4 (30 g.) were weighed into the polymerisation 
flask immersed in a bath at 90° as before, and the air was displaced with purified hydrogen. Distilled 
water (375 g.) containing AnalaR borax (0-60 g.) and »/10-copper Pond oe (0-27 mil.) was added and 
the whole left in the bath overnight. Next morning the solution was stirred whilst the s was 
boiled under reflux for 2} hours, after which the first 75 ml. of styrene were collected and added as in 

revious experiments during 90 minutes. After all had been added, 75 mi. of air-saturated dis- 
tilled, water were run in. This process of alternate addition was repeated as in expt. 14 until a total 
of 300 mil. of styrene had been added and the total weight of water including that present initiallv 
was 600 ml. After 6 hours from the first addition of styrene the flask was removed from the bath and 
allowed to cool overnight. Next pate ee unchanged styrene (40 ml.) wes recovered by distillation 
at 00° in a current of hydrogen. The polymer content of the emulsion was 27% and the coarse 
separated on — through muslin, weighed 5 ¢. The Staudinger molecular — of the polymer 
isolated as be was 527,000. The viscosity of a 5% benzene solution was 29 


were determined method concentration of 


Discussion. 


traces of impurities and}very rigid control is necessary before they can be considered quan- 
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im the circle im Fig. Care was still taken to ensure that 
was eliminated by thorough purging of the apparatus with 

Experiment |}. The general conditions were similar to those described in the previous experiments 
but the amount of copper catalyst was reduced. sodium sulphite 
and w-sodiam hydroxide (2-0 ml.) were added. The solution was left overnight in contact with 
collected in a current of hydrogen and run into the caatalyst Polymerisation 
overnight. The em contained 15-6% of polymer and 7 g. of coarse particles retained by a muslin 

lydrated sodiam sulphite (6-0 g.) were added to the flask 
mi. of boiling distilled water containing »/100-copper 
sodium hydroxide (10 ml.). After 3 hours’ refluxing in 
and run into the polymerisation solution during 3 hours. 
a Minates after the last drop of styrene had been added the uapolymerised materia! was distilled 
A off in a current of hydrogen. After recovery of 33 mi. of styrene in this way the mixture was left to 
cool overnight. Distillation was recommenced the next morning and a further Sa oon 
obtained, making a total of 49 ml. The final emulsion (650 g.) was alkaline to phenolph and 
contained 18-6% of polymer having a Staudinger molecular weight of 455,000. 

In the next experiment the genera! quantities and conditions were as in expt. 12, but the reaction 
time was considerably extended in an endeavour to complete the polymerisation. However, the pro- 
portion o srolonged contact with sulphite solution, 
owing pr ye formation of polystyrene. 

previous was stirred for 2} 
hours before addition of the styrene, whereas previously the solution was left overnight. The styrene 
was added initially at the rate of 5 drops per minute and then at a slower rate overnight. By the 
next morning 80 mi. had been added. During the following day the remainder of the styrene was 
added, ta dp ame Since the polymerisation was not complete at the end of the day 
it was allowed to continue overnight. Next morning 32 ml. of unpolymerised styrene were recovered 
ya distillation in a current of hydrogen. Coarse particles (27 g.) were separated by pouring the emulsion 
(710 @.) through a musiin screen. The Staudinger molecular weight of the was 200,000 and 


intermediate compounds either by the step-wise reduction of oxygen or by the oxidation of 
ion. The latter mechanism, reviewed by Hammett (“ Physical Organic Chem- 


,."" New York, 1940, p. 370 ef seq.), is more in accordance with the pols reaction. 
Fuller and Crist (J. Amer. Chem. Soc., 1941, 68, 1644) found that the reaction of sodium sulphite 
solutions saturated with oxygen was strictly of the first order with respect to sulphite-ion 
concentration and was also directly dependent on the cupric ion concentration when this 

10%. From an analysis of the latter effect it was claimed that there was a primary 
) It was also found that the rate is 


‘ ., 1938, 8, 175) have studied the reaction in detail and have 
three different compounds, viz.: C,HyCH,CH,SO,H, C,HyCH°OCH’SO,H, and 
ultaneously by 


of bivalent copper this is explained by the formation of a complex cupric sulphite, followed 
by the transfer of an electron trom the sulphite ion to the copper ion, as in 
both cases the cupric copper is reduced 


In 
Cat* + = Cut + 
5p 
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titatively. The purest obtainable monomer was used to reduce the possibility of chain 
termination by reaction with an impurity. Interpretation of the experiments would be greatly 
simplified if it were possible to polymerise the styrene in a special solvent or with some addition 
functioning as a chain-terminating agent so that throughout the experiment all the polymer 
chains would be terminated by a controllable mechanism. At present, however, it is uncertain 
whether any agent exists which will affect only the chain-terminating mechanism without at 
the same time having an effect on the chain-initiating mechanism. Thus alcohols which 

The oxidation of sulphite solutions by gaseous oxygen or air was first studied by Bigelow 
(2. physskal. Chem., 1898, 26, 493) who showed that various organic compounds containing « 
hydroxyl group (¢.g., benzyl alcohol, butan-2-ol, allyl alcohol, mannitol, and glycerol) acted as 
powerful negative catalysts; he also showed that the rate of oxidation was very sensitive to 
the previous history of the water in which the sulphite was dissolved. Titofl (ibid., 1003, 46, 
641) showed that the oxidation was very sensitive to the presence of copper and to a lesser 
extent of iron. One part of copper in 16 x 10° parts of water accelerated the reaction about “ 
30%; in later work he used known amounts of copper and was then able to obtain repro- 
ducible results. Backstrom (J. Amer. Chem. Soc., 1927, 49, 1460; Trans. Faraday Soc., 1028, 
24, 601) was the first to recognise the oxidation of sulphite as a chain reaction in which an 
active centre serves as the starting point for the oxidation of a large number of molecules. q 
According to Semenoff (“ Chemical Kinetics and Chain Reactions,”’ Oxford Univ. Press, 1935, 
p. 383) it is considered by some that in the absence of both light and catalysts the oxidation 
of sulphite would not proceed at all. Similar conditions govern the polymerisation of styrene 
emulsions in sulphite solution, and in the same way it has been found impossible to purify 
the ingredients to such an extent that the initial polymerisation is completely inhibited. 

The chain mechanism for the oxidation of sulphite involves the formation of unstable 
of the pH between 8°8 and 82 and decreases in a complicated manner between 5°9 and 3°2. 
When a solution of sodium sulphite is oxidised with an excess of oxygen only a small propor- 
tion of dithionic acid is formed, which indicates that the oxygen reacts more rapidly with the 
sulphite radicals than with the reduced copper. On the other hand, it has been found that 
the reaction of sodium sulphite with a cupric copper salt in the absence of oxygen produces 
a complex salt of copper which undergoes electron transfer and forms sulphite radicals, about 
half of which dimerise to dithionic acid. 

Compounds of sodium hydrogen sulphite and styrene have been prepared by 
several workers. Kharasch, Schenck, and Mayo (ibid., 1939, 61, 3002) and Kharasch, 
May, 

C,HyCH 
ously stirred mixture of etyrene with a stoicheiometric excess of alkali hydrogen sulphite. 
A free-radical mechanism was proposed for their formation by Kharasch and his co-workers 
(loce. cit.), who further noted that no polymer was formed during the preparation, and the 
present work shows that this is explained without doubt by the presence of an excess of gaseous 
oxygen which combines with the activated styrene radicals and prevents chain growth. The 
following mechanism for the polymerisation of styrene is consistent with the data for the 
oxidation of aqueous sulphite solutions and also with the mechanism proposed by Kharasch 
and his co-workers for the formation of the styrene sulphonic acid compounds : 

(1) The bivalent sulphite ion loses an electron and becomes a univalent sulphite free 
radical, ¢.g., monothionic acid free radical or monothionic acid free-radical ion. In the presence 
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(2) The monothionic acid free radical (or free-radical ion) combines with styrene monomer 
to form a free radical complex. 


-CHELH, + * = Coty 


(3) The free radical complex combines with more styrene and the chain grows into a giant 


electron. 


(5) New chains are started when the trace of molecular oxygen in the gaseous phase oxidises 
the colloidal cuprous hydroxide back to the cupric state in which form it can react again with 
the sulphite ion as in (1). From this it will be seen that by the most efficient use of the oxygen 
in the gas space one molecule of oxygen will generate four sulphite free radicals : 

4CuOH + 4H,0 + O, ~ 4Cu(OH), + 2H,0 
Na,SO, + Ca(OH), CuaOH + NaOH + NaSO,* 


square of the concentration at that instant (second-order reaction). Calculation on this basis 
shows that if at zero time the concentration is 100 and if after one minute this is reduced to 
10, then the concentration after ¢ minutes is 100/(9¢ + 1). It follows that in spite of the 
initial rapid reaction the amount present after one hour is still 0°185 and after 24 hours 0°0077. 

On the other hand, for a unimolecular reaction in which the concentration decreased from 
100 to 10 in the first minute the concentration after time ¢ is 100 x O'I, so that the concen- 


siderations the experimental results are not altogether unexpected. 
Although efforts to eliminate the radicals by mutual recombination did not succeed it was 
found that, unless the sulphite solution was reactivated with air or oxygen, 
proportion of styrene could be polymerised. Thus, in experiments 
obtainable monomer it was found that a sulphite solution will only 


polymer radical by the accepted mechanism. 

(4) The giant polymer radical continues to add styrene molecules linearly until it either 
gains or loses an electron. This may occur in various ways, ¢g.: (a) Reaction with another 
polymer radical leading to complete termination of chain growth either by disproportionation 
to two neutral molecules or by dimerisation. A sulphite radical in the aqueous phase could 
also react similarly with a polymer radical. (6) Reaction with another neutral molecule. In 
this case the chain growth does not stop but undergoes transfer since the resulting product 
will still have an odd N=“ The neutral molecule may be another “ dead " molecule which 
may lose an electron from the middle of the chain leading to chain branching. The evidence 

“a: adduced later in this work suggests that the most frequent reaction is the acquisition of an 
@ electron from a sulphite ion in the aqueous phase. This terminates the growth of the polymer 
molecule and creates another sulphite radical which in turn starts the growth of another chain. 

One of the features of the sulphite method of polymerisation is that it is particularly easy 
to obtain products of unusually high molecular weight. Several factors appear to contribute 
to this technically desirable effect, of which perhaps the most important is that the oxygen 
content of the emulsion is maintained at a very low value on account of its rapid reaction with 
the sulphite. From a general consideration it is believed that the presence of molecular oxygen 
is the most common factor leading to the formation of polymer molecules of low molecular 
weight, and the usual peroxide catalysts have obvious disadvantages in this respect. The 
molecular weight of the polymer may be varied by controlling the rate of oxidation of the 
sodium sulphite, as, for example, by passing at a measured rate through the emulsion a current 
of commercial nitrogen containing 0°1% of oxygen. 

Several unsuccessful attempts were made to prepare a sulphite-styrene emulsion under 
conditions which would eliminate the initial oxidation of the sulphite, so that the polymeris- 
ation of the styrene would be completely inhibited until a trace of oxygen was admitted, but 

in every case the styrene polymerised to some extent before the admission of the oxygen. 
Attempts were also made to stir the sulphite solution in a closed system (expts. 9 and 10) so 
that the last trace of oxygen would be absorbed and then to allow a further lapse of time to 
permit the sulphite radicals to dimerise. This also was unsuccessful, for on adding the oxygen- 
free styrene once again a certain proportion polymerised. 

The quantitative aspect of the dimerisation of a sulphite free-radical ion is interesting. If 
a sulphite free-radical ion dimerises immediately on collision with another similar free radical, 

4 as would be expected if the energy of activation for the combination were zero, then the con- 
centration of radicals would decrease at a rate which at any instant is proportional to the 
: tration remaining would be 0°1 in 3 minutes and 0-001 in 6 minutes, The energy of activation 
required for the dimerisation will not be zero owing, amongst other things, to the repelling 
effect of the charge on the ions which would hinder their collision. In the light of these con- 
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seventh of its weight of styrene, after which the reaction practically ceases. With very impure 
styrene only a small concentration of polymer can be obtained. The reaction of the sulphite 
free-radical ions with the styrene is probably kinetically of the first order, owing to the excess 


the end-point (Sully, Nature, 1947, 159, 882). This method which is applicable to 
of the highest molecular weight indicates a number average molecular weight of 
oxygen 


terpretation not possible with systems involving peroxides in which several 
may be formed. 


Lanoratory, A. Boaxe, Rosertrs & Co., Lrp., 
Lowpon, E.15. (Received, September 21st, 1949.) 


311. Indoles. Part II. The Preparation and Oxidation of the 
Bz-Nitro-2-methyl-3-ethyl-, -2 3-diphenyl-, and -2-methyl-3-phenyl-indoles. 
By K. and R. S. 


their oxidation to the related propiophenones and benzophenones (1 ——> I!) 
examined. This method provides a practicable route to the nitro-2 b b 


but not to nitro-2-aminopropiophenones. The proportions of the 4- and 6-nitroindoles formed 
from the itrophenythyd used have been ascertained, and are briefly discussed. 


Tne aim of the work to be described in this series of papers is twofold : to examine the oxidative 
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Experiments 13, 14, and 15 show that after the removal of the free radicals from the solution 
by polymer formation the oxyger contained in one volume of air-saturated water at room 
temperature will regenerate sulphite free-radical ions in a quantity sufficient to polymerise 
one volume of styrene. One litre of air-saturated water at 25° contains 60 mi. of oxygen 
(N.T.P.). If one atom of oxygen leads to the formation of two sulphite free radicals, it follows 
: that the lower possible number average molecular weight of the product is numerically equal 
to the weight of polymer produced by 8 g. of oxygen, i«., 22,400 x 904/(6 x 4) — 850,000 
approx. (the density of styrene is 904 g./l.). There is little doubt that the number average 
molecular weight is much less than this. It seems therefore that with the purest obtainable 
Styrene there is considerable reaction between the growing polymer molecules and sulphite 
ions in solution. These sulphite ions terminate the growth of the polymer molecule by a ‘ 
chain-transfer mechanism in which an electron is given up by the sulphite to the growing 
polymer chain in the same way as it can give up an electron to cupric copper. This produces ae 
another sulphite free radical which will initiate the formation of another polymer chain. 
The probability of such a reaction occurring is high, since the sulphite ions are relatively 
numerous and furthermore they donate an electron with relative ease. In this way several 
polymer molecules each containing a sulphonic acid end-group can be produced from a single : 
molecule of oxygen as the initiating step, and the minimum amount of gaseous oxygen required 
to oxidise the trace of copper and so continue the polymerisation is reduced to that necessary 
to replace the radicals that are lost by dimerisation. Further support for this view is obtained 
from an estimation of the number of sulphonic acid end-groups by neutralisation with alkali 
and then titration with hydrochloric acid in benzene, using the viscosity of the solution to 
determine 
polymers 
30,000, so 
28 molecules of polymer each containing a sulphonic acid end-group are formed from each 
initiating radical. However, the quantitative interpretation of the end-group titrations is as 
yet not quite clear and the results must be accepted with caution. 
The work described above [cf. B.P, 582,134, 582,327, 687,455, and 608,635 (Sully and 
A. Boake, Roberts, and Co.)) forms part of an independent discovery of the so-called redox 
system of polymerisation. The sulphite-oxygen system described is simpler than other systems 
involving peroxides, so that the mechanism was appreciated at an carly date. Furthermore 
the radicals are utilised more efficiently in the polymerisation, so that the experiments permit 
a@ quantitative in 
ting-fission of indole derivatives (1 ——> II) as a source of substituted 2-aminoarylketones, and 
to collect data concerning the Fischer indole synthesis in its application to m-substituted 
arylhydrazones and to arylhydrazones of unsymmetrical ketones. 
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In Part I (/., 1969, 796) we established the convenience of such oxidation of Bz-nitro-2 : 3-di- 
methylindoles (1; K= = Me; R” «NO, in preparing the four nitro-2-amino- 


xf I (i) 


. NH-COR 


, and showed that the cyclisation of methyl ethyl ketone m-nitrophenylhydrazone 
in hot concentrated hydrochloric acid gave a larger proportion of 6- than of 4-nitro-2 : 3-di- 
methylindole. The present paper describes experiments on the Fischer synthesis of indoles 
(1; R’ » Etor Ph; R” = NO,), and on the oxidation of these compounds. 

Under conditions similar to those used in Part I (Joc. cit.), methyl n-propyl ketone o- and 

yihydrazones were cyclised to 7- and 
below), in yields of 27% and 45% respectively based on the parent nitroanilines. 
homogeneity of both products was established chromatographically. 
m-nitrophenylhydrazone produced 33°, of a mixture of isomeric indoles, m. p. 170—171° and 
163-164", in the approximate ratio 1 : 0°3, as was shown by the ready separation of the com- 
pounds on activated alumina. As with the 2; 3-dimethylindoles, separation could not be 
satisfactorily accomplished by crystallisation, only a portion of the more abundant isomer being 
isolable by this method. 

Oxidation of these indoles with chromic acid in acetic acid occurred vigorously, and as a 
result yields in this step were lower than in the similar oxidation of nitro-2 : 3-dimethylindoles. 
Recovery of 3-nitro-2-acetamidopropioph from 7-nitro-2-methyl-3-ethylindole was 6°, 
based on o-aitroaniline. The indoles, m. p. 170-—171° and 163-—164", similarly provided 4- 
and 6-nitro-2-acet giving on hydrolysis the related amines. The base 
from the first mentioned indole gave, by deamination, reduction, and acetylation, p-acetamido- 
propiophenone, its constitution being thus proved. 

The oxidation of 5-nitro-2-methy!-3-ethylindole proved to be anomalous, yuiens:e 
mediocre yield of a substance, m. p. 17}-~172°, different from 5-nitro-2-acet OF 
(m. p. 146--145°5"; Keneford and Simpson, J., 1948, 354), The nature of this product has not 
yet been established, but it may be merely 4 polymorph of 5-nitro-2-ecetamidopropiophenone 
since acid hydrolysis converted it into 5-nitro-2 & 
clearly not a practicable one by which to prepare the nitro-2 i 

Clearly, nitrophenylhydrazones of methyl »-propyl ketone are by fuming 
hydrochloric acid to give only derivatives of 2-methyl-3-ethylindole, no 2-propylindoles being 
detected. Methyl »-propyl ketone phenylhydrazone is likewise converted by cuprous chloride 
into 2-methyl-3-ethylindole (Arbusov and Fruhauf, J. Russ. Phys. Chem. Soc., 1913, 46, 604; 
Arbusov and Rotarme!l, ]. Gen. Chem. Russia, 1932, 2, 397), although Fischer (Annalen, 1886, 
236, 128), using zinc chloride, may have obtained a small amount of the alternative product, It 
does in fact seem to be generally the case that in the Fischer reaction a methylene group reacts 
rather than a methyl group (Buu-Hoi and Royer, Rec. Trav. chim., 1947, 66, 305), a small 
proportion only of the alternative product being formed as in the cyclisation of methyl ethyl 
ketone phenylhydrazone by nickel chloride (Korczynski, Brydowna, and Kierzek, Gazzetia, 1926, 
56, 903). 

It is also clear that the cyclisation of methyl m-propyl ketone m-nitrophenylhydrazone is 
similar to that of the methyl ethyl compound (Part I, Joc. cit.), proceeding mainly para to the 
nitro-group. 

5-Nitro-2-aminobenzophenone is the only mononitro-2-aminobenzophenone so far described 
which contains the nitro- and amino-groups in the same ring. Its formation from 2-chloro-5- 

and ammonia under pressure (UlImann and Mallet, Ber., 1898, 31, 1694) is 
sluggish, and the method does not appear to be of general applicability. Oxidative fission of 
suitable indoles promised to be useful in this connection. Fennel and Plant (j., 1932, 2872) 
prepared 5-nitro-2 : 3-diphenylindole from benzyl phenyl ketone p-nitrophenylhydrazone, and 
from the corresponding m-isomer obtained two products, m. p. 227° and 205°, which were not 
oriented. 

We have repeated these preparations, as described in the Experimental section, and in the 
case of benzyl phenyl ketone m-nitrophenylhydrazone found, like Fennel and Plant (loc. cit.), 
that the two indoles formed were readily separated by crystallisation. Chromatography 
established the proportions of the compounds, m. p. 237° and 205°, erect 
imately 1:2. On oxidation they gave 4- and 6-nitro-2-benzamid 


wt 
» “Oo - 


Schofield and Theobald: Indoles. Part 11, 1507 


and 5-nitro-2 : 3-diphenylindole similarly gave the 5-nitro-isomer, all these ketones being 
formed in high yield. The structures of 4- and 6-nitro-2-benzamidob were 
established by successive hydrolysis, deamination, and reduction to p- and o-aminoben b 

proof shows that the nitration products of l-acyl-2 : 3-diphenylindoles (Fennel and 
. ott. : Further, if the amounts of the isomeric 


The significance of these results will not be clear until our knowledge of the mechanism of 
the Fischer synthesis becomes more certain. Since the most satisfactory mechanism proposed 
so far (Robinson and Robinson, /., 1918, 118, 639; see also Carlin and Fisher, /. Amer. Chem. 
Soc., 1948, 70, 3421) treats Fischer's reaction as a case of the ortho-benzidine 


synthesis, 
rearrangement (Tarbell, ‘‘ Organic Reactions,” vol. 2, New York, 1944) which is in many ways 
analogous to it. 
Fennel and Plant (/oc. cit.) were unable to cyclise deoxybenzoin o-nitrophenylhydrazone, but 
2-methylindole. Oxidation in the usual way converted this in good yield into 3-nitro-2- 


acetamidoben 


The oxidation of suitable indole derivatives is obviously a practicable method of preparing 


nitro-2-ami The high yields promise to make these reactions suitable for 
studies of the mechanism of indole oxidations. 


EXPERIMENTAL. 
M. p.s are uncorrected. 


m. p. in 17% 00%. 69, "respectively, the 


wate wantities for | hour at 
crystallised from alcohol. By the same method, 1 methyl ketone o-, he 03° ( 

by the of Fennel and Plant (loc. 

5- and 7-Nttro-2-methy!-3-ethylindole su 
and 27% yield (based on the nt nitroanilines) when the were heated 
10 volumes of fuming h acid (d 1-19) for 4 hours at Pere esce ete oe 
concentrated hydrochloric acid. 5-Nitro-2-methyl-3-ethylindole 

leaflets, m. p. 191—192° (Found C, 64-9; H, 5-8. Cult and 

the 7-stiro-deriva ve formed long scarlet needles, m. p. 135—1 ssame solvent (Found c, 
64-2; H,@1 Both were d by p umn. 

4- and 6-! tiro-2-methyl-3-cthylindoles. —Cyclisation of methy! i ketone m- ‘a lene 
in a similar way gave 33% of mixed indoles. ae oy Oy solution of the mixture (10 g.) in 
in Part I (loc. cit.), and 


into an upper crimson and a lower scarlet band. Elation of latter (2-27 g) 


(1950) 
indoles isolated are truly indicative of the course of the cyclisation, and if the indoles, once 
formed, are not perhaps decomposed at differing rates by the strongly acid medium, with a 
consequent reversal of the true proportions, then cyclisation ortho to the nitro-group is preferred. 
That this was indeed so was proved by taking a mixture of known proportions of 4- and 6-nitro- 
2: 3-diphenylindoles, submitting it to the conditions used in the Fischer synthesis, and analysing 
the resulting mixture. The result (see below) also proves that differing solubilities of the two 
indoles in the reaction medium cannot account for the ratio observed, but rather that allowance 
for solubilities increases the predominance of 4- over 6-nitro-2 : 3-diphenylindole. 

In view of these results we examined the cyclisation of benzyl methyl! ketone m-nitrophenyl- 
hydrazone. The reaction appears to be complex. By adsorption on alumina we were able to on 
isolate 4-nitro-3-phenyl-2-methylindole, which accounted for 60% of the cyclisation mixture, 
but failed to resolve the remainder of the product. Crystallisation of the cyclisation mixture \ 
likewise furnished the pure major component but was equally unsuccessful in resolving the more 
soluble material. Since subsequent oxidation of the major product led without difficulty to 
6-nitro-2-acetamidobenzophenone, whereas the minor fraction gave only an intractable gum, it 
seems possible that some Bz-nitro-2-benzylindoles were formed, giving unstable oxidation 
products. This result is interesting since benzyl methyl ketone phenylhydrazone is said to give 
3-phenyl-2-methylindole (though this structure does not appear to have been proved) when 
cyclised with zinc chloride or alcoholic hydrochloric acid (Trenkler, Annalen, 1888, 348, 106). 
Despite the complication, however, it is clear that cyclisation orthe to the nitro-group is again 
favoured. 
example, Dewar, “ The Electronic Theory of Organic Chemistry,”’ 1949, p, 233) may also be 
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with benzene, and crystallisation from ethanol, provided in scariet 

rectangular prisms, C, 641, H, 60%), whilst application of benzene~ 

10 the upper band (7 consisting of the which separated (rom ethanol 


he original -laquor deposited a mixture 


with chromic ) water (5 c.c.) ture 
A 2 hours the 4 was water and extracted with chlovotorm Removal 
scivent after drying ( g.). crystallisation 
C,H ii G Simpson, loc. cit.) gave 3-nitro-2-amino- 
which from dilute ethanol in fine yellow needles, m. p. 87—88° (Found : 
H, 62 Cake for ; HL &2%). 
6-Nivo-2 (2-4 g.) in acetic acid (20 c.c.) was 
mixture gave a sticky solid which crystallised from ethanol in 

ures 


with an authentic specimen. 


+ nit 2-methyl-3-ethylindole (0- 


106-197" “Pound: 55-7; H, 57%). Hydrolysis with 
orange needles, m. p. 77-78" (Found: C, 56-7; H, 


ty from 6-nitro-2-methyl-3-ethylindole (2 g.), 
131") from ethanol in cream-coloured 


m p. 1356136" (Found: C, 56 H, Hydrolysis as above provided 4-ntiro-2-amino- 
(098 which ethanol in orange-yellow leaflets, m. p. 129—-130° 
4%) 


The amine (0-35 g.) in acetic acid (2 c.c.) and sulphuric acid (1 ¢.c. of 30s.) was diazotised at 0° with 
(0-18 g.), and the solation was diluted with ice-water (20 c.c.) and treated with 
ene ee. of 30%). After 24 hours at 0° the mixture was made alkaline with aqueous 


um hydroxide and extracted with ether. The dried (Nag00,) extract provided crude p-nitro- 
for 1 hour at 95° with tin 


crude amine (0-18 g.), which crystallised from dil 
1904, 392, gives p. 142°). Treatment with acetic anhydride (2 c.c.) 

after crystallisation from ethanol (F ; H,@9. Cale. C,,H WON : Cc 1; 


). 

Ba-Nitro-2 : 3-diphenylindoles.—5-Nitro-, m. p. 198—200°, and a mixture of 4- and 6-nitro-2 
phenylindoles, were obtained from the a f hydrazones (40 g.) in 60% and 69% boiling 
with acetic acid and concentrated hydrochloric acid (400 c.c. of each) under reflux for 16 hours. In the 
former case the omission of acetic acid caused extensive hydrolysis, with the formation of tarry material. 

Crystallisation of the crude mixture of 4- and 6-nitro-2 : 3-diphenylindoles (25 g.) from ethanol 
(750 ¢.c.) provided the almost pure 6-nitro-compound (5-3 g.; m. p, 225-227"). Concentration of the 
mother-liquor to one-third of its volume gave the impure 4-nitro-2: 3diphenylindole, which after 
crystallisation from benzene melted at 204-205" (8-4 g.) 

The alcoholic filtrate (150 c.c.) from the crystallisation of the crude mixed isomers (5 g.) was evaporated 
to dryness after removal of the slightly ‘¢ higher-melting product (1-34 g.; m. p. 283-227"), and the 
resiiue dissolved in benzene (800¢.c.). Chromatographic separation of the contents of = solution as in 

vious cases, using benzene as eluent, gave first 4-nitro-2 : 3-diphenylindole (3-32 g.; m. p. 202-204") 
[ration was 7, slow) and then, by a ation of acetone, 6-nitro- 3-diphenylindole ( (0- ‘22 g.; m. p. 

228°), of which the total yield was therefore 1-56 The 4-nitro-derivati ye from benzene 
orange-yellow needles, m. p. 205-—-206° found : C, 76-7; H, 4-5. for 
764; H, 456%). 

A mixture of pure 4- and 6-nitro-2 : 3-diphenylindole (0-2 g. of each) was boiled under reflux for 24 
coe with acetic and concentrated eaedios acids (10 c.c. of each), and the residue after 
su 


6-nitro-2 : 3-di ylindole (5-3 g 

stirred until a clear solution was faeee Chee hours at room tem ature the mixture was diluted 

with an equal volume of water, and the practically pure product (4-0 Big collected. re 
rated from ethanol in lemon-yellow m. (Found 

69-65; 0-33 requires C, 68-2; H, 42%). This (0 OT g.) was 

ender refiux for 4 hours with acetic and concentrated hydrochloric acids (200'c.c. of each) “and the clear 


06g. of once crystallised 
= formed needles 
acid (in.) fos 
ncoentrate vdrox (2 Extraction of the basified mixture with ether removed the 
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solution basified with aqueous ammonia, giving ¢-#+ir0-2-amimobensophenone (3-0 
lined fron dilute ethanol in sunall yellow needion, mp. 172-178" (Pound C, 
requires C, 64-5; H, 42%). 


The amine (6-8 ¢.) ie scetic acid (2 and eulpharic acid (1 of 30 was diazotised at 0° with 
nitrite (0- 4 St and the diluted solution (10 c.c. of wed water) treated with 
ace of the mixture was basified and extracted with 


product on crystallisation of 22 ¢.), 

ye 31° (Basler, Ber., 1883, 16, 2717, m. Reduction of the ¢ on 

with stannous chloride (09 and concentra Lag gave 0-06 
m. p. 


analen, 1881, 210, 

m. p. depression with authentic o inob b m. p. 

5-Nutro-2 pa 


J —6-Nitro-2 oxidised in a similar way, 
small colourless needles, m H, 53. 6-33H,0 uires C, 
68-2; H, 42%). Ullmann and Mallet, 

2- < 7 


m. p. — 


OWN, C, 682; H, 42 
aires 4 
m 172173", after crystallisation from dilute (Pound: C, H, 2%). 
Deamination pb m. p. 100-102", forming on 
reduction o-ami .™m. p. 105-106", alone and mixed with an au tic Specimen. 
4-Nitro-2-methyl- 3-phenylindole (see below) (11-6 g.) in acetic acid (200 c.c.) was oxidised in the 
usual way with chromic anhydride (6-1 g-) in water (10 c.c.). 
(7-1 g.; m. p. 156—157°) om further crystallisation from alcohol 
ot 6-nitro-2 m. p. 158-159" (Found: C, 42. C 
oe 63-4; H, 43%) Hydrolysis of the compound (0-2 g.) with concentrated hydrochloric acid 
(2 ¢.c.), water (2 c.c.), and ethanol (5 c.c.), followed by treatment with aqueous ammonia, gave 6-nitro-2- 
fois ¢.). identical with that described above. 
2-methylimdole 


Bz-Nttro-3-phenyl- s.—Methy! be: ketone o-ni ydrazone 

(Pound c, 713 48 

Under the conditions used ylindoles, benzy! 
20%, ou of of the mixture (5 g.) from benzene 
the cual way leds aeparation ino an upper orang and lower canary 
latter, on elution with benzene, proved to contain 4-nsiro-3- “a's from 
48%). Application furnished the 
which to be bat showed evidence of further a on a 

yi-2-methylindole (11-6 g.), m 243-2 but the other much more uble material was 
Fo el The 4-nitro-compound was oxidised as already described, but similar treatment of the 
lower-meiting fraction gave material which could not be ailised. 

1-5 g.) im acetic acid (50 c.c.) was 
treated with chromic anhydride (1- 1 g.) in water (2 c.c.), and set overnight. The diluted solution 
was extracted with chloroform, and the extract washed, dried (Na,CO,), and concentrated. The residue 
= lised from ethanol, gave 3-nifro-2-acetamidobenszophenome (1-5 g., 89%), which 

red plates, m. (Found: C, 63-0; 3-0%). Hydrolysis of this 

nd (0 40-13 .) for 1 hour at 05°, with concentrated hydrochloric acid (2 c.c.), water (2 c.c.), and 

alcohol owed by basification with squeoss ammonia. aa from 
dilute ethanol in bright yellow leaflets, m. p. (Found : C, 65-0; H 
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Morrison and Rinderknecht : 


Synthetic Analgesics. Part X. Tertiary Carbinols and 
Derivatives from Mannich Bases. 
By A. L. and H. 


the action of Grignard reagents on Mannich bases derived from acetophenone, cycio- 
and |-tetralone, tertiary carbinols have been made. The acy! derivatives of these 
carbinols have only slight analgesic activity 


Syntheses of 6-benz-1 3-oxazine and 6: 6-diphenyl-3- 
ee. 3-oxazine are deacri 
Some of the compounds 


Tue high analgesic potencies of 6-dimethylamino-4 : 4-diphenylheptan-3-one (amidone) (I) 
and 4-propionoxy-4-phenyl-1-methylpiperidine (II) have now been well established (Report 
No. PB-961, U.S.A. Office of the Publication Board, Department of Commerce; Foster and 
Carman, ]. Pharm. Exp. Ther., 1947, 91, 195). The possibility that a compound such 
as dimethyl-3-propionoxy-3 : 3-diphenylpropylamine RK R’ Me, R” EtCO), in 
which are combined features of both these potent analgesics, 
activity, was considered by us some time ago. The carbinol (III; R « R’ — Me, R” = H) was 
readily prepared by the action of phenylmagnesium bromide on the Mannich base made from 
acetophenone and dimethylamine. 


O-COEt 


Independently of our work, similar experiments have been reported recently in America 
(Becker, Ananenko, Glenwood, and Miller, Fed. Proc., 1946, 5, 163; Ruddy and Buckley, 
110th Meeting Amer. Chem. Soc., 14K; Report No. PB-981, U.S.A. Office of the Publication 
Board, Department of Commerce, p. 38), in Germany (Hoechst Nos. 10,210 and 10,214; 
1G. Farbenind., F.P, 890,633/1942), and in England (Winthrop Chemical Co. Inc., B.P. Appl. 
2256/47; Adamson, j., 1949, S 144). 

We now wish to report the preparation of a number of compounds in this series, and their 
acyl and other derivatives, details of which will be found in the Experimental section. 

We also considered that acyl derivatives of the carbinols (V and VI; R” = H), prepared 
by the action of aryl- and alkyl-magnesium halides on Mannich bases derived from cyclohexanone 
and |-tetralone would be of interest as they bear some structural relationship to morphine (IV). 


Me 


Ss 


av) (VI) 


Since the completion of this work, Lee, Ziering, Berger, and Heineman (‘‘ Jubilee Volume Emil 
Barell,” 1946, p. 264) have reported the preparation of a few representatives of this series. 

We have found generally that the yields of tert.-alcohols formed by the action of Grignard 
feagents on Mannich bases are not good but can usually be improved if the finely powdered 
hydrochloride is added in portions to a well-cooled, stirred solution of the Grignard reagent in 
ether. 

In all the publications cited mention is made, and in some cases details are given, of the 
dehydration of such tertiary carbinols to the unsaturated compounds, and of the subsequent 
hydrogenation to give the propane derivatives. We have also dehydrated the tertiary alcohols 
by heating them for about 48 hours with 98° formic acid and hydrogenated the resultant 
unsaturated amines. 

Finally, in an attempt to simulate the piperidine ring of morphine, 1-phenyl-2-methylamino- 
methyleyclohexan-l-ol was treated with formaldehyde to give 6-pheny!-3-methyloctahydro- 
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5: 6-benz-1 : 3-oxazine (VII). In the same manner 6 : 6-dipheny!l-3-methyltetrahydro-1 : 3- 
oxazine (VILI) was made from 3-methylamino-! : |-diphenylpropan-1-ol. 


AH, CH 


(III; R= R' = Me, R” « H).—«-Dimethylamino- 

added in email portions with cooling and sti wan 
phen bromide prepared from magnesium (4 g.) and bromo zene 
(32 g.). The mixture was left 16 hours at room temperature and then decomposed by stirring with e 


excess of ammonium chioride solution. The «pa Toe extracted with benzene and, after removal of 


the benzene, the solid resid recrystallised from b. vee “& ve the 
82 


product was obtained, 
to be the acetate, m. whea 


recrystallised from t petroleum (b. #0—100° 746; C,,H,,0, 
7; Ni 4 
i propionate (111; R req 
1-7; H, 82; N, #1. H,,O,N requires C, 71-7; H, 80; 3-6%) 
The base (II1; R = R’ = 


RK = R’ Me, R” « H) 
in formic acid for 48 hours yielded the unsaturated base with Adamson (Joc. cit.). 
It m. (Found: C, 50-3; 48; « Fequires C. 50-2. 
H, 4-7; N, 12-0%). of methylamine C, 60-3; 40: 
N, 123. oN, requires C, 50-0 13.0%)" alee bet of 

3-Dimeth 1-ol. —This base was prepared described tor 

no-l- _ was in a manner as ri 

Il; R « R’ = Me, R” — H), using o-toly bromide, and obtained as a solid, m. p. 131——- 
34°, from acetone (Found: C, 80-4; H, 88; requires C, H, 86; N, 52%). 


requires 72-2 

Henry ylaminopropiophenone Hydrochloride — ylamine (176 
(14 g.), perp anne Me (7 g.) in (75 ml.) were heated on the steam- 

under reflux for 20 minutes. The clear solution as concentrated ont 


hydrochloride crystallised, having m. p. 196-198" (96g) (Found *, 12-2. 
requires 12-3 


R= Me, R’ « Phe R” H)—In the 
ces trated with phenyl. 


um bromide, from iy m (1-7 to eae 
CygH,sON requires C, H,76; N, 42%). The crystallised from 


nm. 196° (Found 3-0. NCI uires N, 3-8 
L-dip. opan-l-ol (III; R = Me, R’ =» R” H).—The above base (6-9 ) 


re alcohol, m 
C, 797; 79: 58%) 
1: (VII mints of 
mL) was shaken fr 8 hours. Water was then added, 
ethereal solution well washed with water, dried 


Me 
(VIL) | 

None of the compounds reported in this communication possessed analgesic activity greater 
than that of pethidine. Some, however, exhibited considerable antihistamine and spasmolytic 
properties and the results of this pharmacological investigation will be reported elsewhere. 

EXPERIMENTAL. 
water. Concentration of the benzene solution left an oily product which became partly crystalline 
im vacuo in presence of concentrated sulphuric acid. Recrystallisation from light petroleum (b. p. 60— 

Cale. for 
alcohol 
ith ether, 

residue 


1512 Synthetic Part X. 


HL. 74; N. 566; Active H, C, 6; H, 7-5; N,&6; Active 


chloride iImagnesium from benzyl bromide (44 g.) and magnesium 
at 80-62" (Pound: C, 0-6; CygHgON requires C, 80-3 
) 
Proph (28 g.), dimetbylamine hydro- 
chloride and (i to ethanol (1 ted under reflux until the 
aldehyde went into siete. The product er distilling off the alcohol was recrystallised from 
2:1 ethanol-acetone, the m. being obtained (Found: Cl’, 161. 
CygH requires Cl’, 15-4 
: i above Mannich base hydrochloride (3 g.) 
was treated with phen from bromobenzene (4-6 g.) and 


to the which, he from acetone, had m. p. 158-161" (Found: C, 
CygH,ON requires C, 80-2; H, 86; N, 52° 

1- 2- lohexan-l-ol R’ = R” H).—2-Dimethylamino- 


cyclohexan-l-one a.) and yimagnesium bromide, oon bromobenzene (10 
um (1-6 ave the tert.-alcohol, b. p. 108-—111°/0-5 mm. (3-8 g., 50%) (Pound : 
C, 76-6; 10 57. CyHyON requires C, 772; H, 99: N. 640%). Treatment of the alcohol 
with acetic « im the usual way gave l-acefory-1 hyicyclok 
; R= Ac), a low-melting solid, b. p 31° am. C, 744; H, 025; 
N, 48. requires C, 742; H, N, 51%). 1- 
wane (Vv R’ Me, EXCO) was also alow melting soli, b. 
(Pound : C, 74-35, H, O35: N. 44. C,,H,,O,N requires C, 74-75; H 


1- Bensvylory- -phenyl-2- sane (V; R= R’ = Me, R’ = pa). 
ation of the alcohol (5 g.) was carried out by heating it in acetone (26 — benzoy! chloride (3-3 
under reflux for lhour. The acetone was distilled off and water addec aqueous solution was 
alkaline and extracted with ether, and the ethereal solution dried and concentrated. Distillation of the 
residue gave Yo ester which, recrystallised from alcohol, had m. p. 108—111° (Found : C, 7%1; H, 
78; 40. 7835; H, #0; N, 416%). 

1-Phenyl-2- or -6-one.—Tho above alcohol (4 rated 

it with 98% formic acid Fe mi.) at 140° for 48 hours to ve » roduct, t which 
(from alcohol) wane : 56-75; H. G4. C,, Tequires C, 5-4%). 
-Phenyl-2-d thy hvicyck ~Hydrogenation = af the above unsaturated base ( 
in alcohol (20 ml.) in presence of palladium- charcoal gave the saturated base, b. p. 147-——149°/13 mm. 
(Found: C, 42-7; H, 10-6 Hi N requires C, 82:9; H, 10-6%). It formed a picrate m - p. 139— 
141” (Found: N, 124 requires N, 126%). ‘A mixture with the picrate of the starting 
material melted at 122. 

3- -l-ene Hydrochloride —Benzylmethylamine hydrochloride 
(1-2 g.), evelohexanone (14 {). and paraformaldehyde (9 g.) in ethanol (75 ml.) were heated on the 
a bath under reflux for minutes. The alcohol was then distilled off and the solid residue 

raat from ethyl acetate to give the pure Aydrochioride, m. p. 144-—146° (16-6 g., 54%) (Found : 
2. requires Cl’, 13-3%). 

(V; R= Me, R’ = CH,Ph, H)— 
Reaction of the above Mannich base hydrochloride with 2-2 moles of m bromide in the 
usual manner ve a 29% yield of the alcohol, which was obtained asa malting solid with b. p. 170— 
173° mm. (Pound: N, 45. C,,H,,ON requires N, 4-6%) 

1-Phenyl-2 l-ol (V; Row Me, R’ R” « H).—-Hydrogenolysis of 
the benzyl group of the above woes AY the usual way gave the alcohol as a liquid, b. p. 110— 
112°/0-4 mm. (Found: C, 76-4; H, N, 655. requires C, 76-7; H, 96; N, 64%). 

6-Phenyl-3-methyloctahydro-b @-bens-1 3-onarine above alcohol (3 g.) was dissolved in 
ethanol (10 mi.), potassium carbonate (1-26 g.) and 40% 
and the mixture was shaken for § hours. beg a Aah btained as a 
solid, m. p. 70-—72", b. p. 92-—-04°/0-3 mm. (Fou C, 77-9; H, oT: requires 

1- yl-2-piperid hylcycloh —2- xan-l-one 
pheny!magnesium bromide reacted in the usual manner to give a poor yield of the tert.-alcohol which 
melted 83-85" when recrystallised from alcohol-water (Found: C, 702; H, 97; N, 48. 

Cyglty,ON 70-1; H, OO; N, 51%). 
Hydrochloride —2-Methylcyelohexanone (11-2 g.), 
hydrochloride (9 g.), and paraformaldehyde (6 in — (50 mil.) were heated 
refiax for 30 minutes. On concentration of the alcoholic solution the Aydrochloride pesca se 
ona from aleohol-acetone, it had m. p. 167-—-169° (Found: Cl’, 168. C,.H,ONCI requires 
) 


1. Phenyl of the above hydrochloride 
to phenylmagnesi um bromide, prepared from (2-9 g.), gave 
% yield of the tert.-aicohol which was obtained as a low-me tax). 106—107° /0-2 mm. 


(Found: C, 77-7; H, 10-1; N, 54. C,,H,,ON requires C, 77-8: H, 
hydrochloride and bromide (2-2 moles) ve a 
of tetrahydronaphthol, a colourless viscous oil, 170° mm. (Found: C, 
N, CygHyON requires C, 81-1; H, N, with acetic anh 
‘L-aeetate a8 a viscous oil, b. p- 170° mm. (Found ; (77-9; eave 
C, 780; H, 7-7; N, 43%). 
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by heating it in formic acid solution for 68 hours. ee re a which 
requires 199—200° (Found 61-15; H, N, 11-6, 
© 610; H, 49; 11-4%) 
3 of the crude 
(Stained inthe previous experiment tn the presence ot palladium 
ethyl Hydrochloride —Addition of 
hydrochlande to ¢) de in ether gave « 


small yield of product which yielded a in water, and on rec 


3; N, 43%) 


The above hydrochloride was h anhydride at 1 until it had all oy 
proptonic vide was of nd the reandue fe 


rystallised from 
chloride melted at 180° (Found .35. N, 37%) 
methyl-1-tetralone hydrochloride (12 g.) to ethyimagnesium iodide (17 g. of ethy! iodide, of 


magnesium) in ether gave a small yield of t isolated as the (4 g.), which, rec recrystallaed 
from acetone-alcohol, melted at 208—2 (Found Cc, 670; H, 00; N, 49. CH ONC requires 
C, 66-9; H, N, 52%). 

~Propromosy-2 thyl-\-ethyl-1 3: 4-tetrahydronaphthalene —-Heating the above 
yielded the hydrochloride, m. Found : ; ; 

a, requires C, H, 86; 10-8 %)- 
r (8 ) to 
im ether gave the crue which wes tated as the tp 


(decomp.). This was recrystallised from alcohol-ether and from its analysis to contain one 
Cc, 71-3; H, N, 36. C,H,-OH requires 


1-Phenyl-2-piperidimomethyl-3 : 4-dihydronaphthalene.—The base (2 g.) liberated from the above 


&i 1-5 botled 
176—180°/0-5 mm. and ~ ig mole of alcohol of 

stallisation (Found: C, 7560; H, N, 4 36-1; H, #3; N, 

3-6%). The picrate, crystallised from alcohol, melted at 633; H, 47; N, 108. 

63-2; H, N, 10-5%). 

pa was dissolved in glacial acetic Agr irs) in the presence of 

| oxide (0-1 g.) to give an oil, the Aydrochloride ( at 277—278° 

tions from alcohol-ether (Found: C, 77-0; 


after 2 4%. CyHy NC) requires 
773; N, 41%). 


Researcn Derartwent, Rocus Propucts Lrp., 
Wetwyn Garpew City, Herts. (Received, March 16th, 1950.) 


313 The Stobbe Condensation between mesoBenzanthrone and 
Ethyl Succinate. 
By G. A. Swan. 


ing propionic acid derivative, subsequent cyclisation would lead to a polycyclic derivative. 
Johnson, Goldman, and Schneider's method (J. Amer. Chem. Soc., 1945, 67, 1357), in which 
the reaction is carried out in éert.-butanol, gives only very low yields of an impure product 
because of the low solubility of b throne in the boiling solvent. However, reaction in 
boiling toluene, with finely divided potassium fert,-butoxide, affords a 16% yield of an acid. 
Analyses of this acid and of its methyl! ester suggest that it is §-carbethoxy-$-(7-hydroxy- 
benzanthren-7-yl)propionic acid (11), the methyl ester being (III). It is known that, in the 
Stobbe reaction, benzophenone and fluorenone yield substituted itaconic acids (cf. I) (Stobbe, 
Annalen, 1899, 308, 89; Stobbe and Golliicke, Ber., 1906, 39, 1066), although an aldol (cf. I) 
is presumably an intermediate. For elimination of the hydroxyl group and the hydrogen atom 
of the a-CH group to form the ethylenic bond, the attached groups must become coplanar. A 
model suggests that this is improbable in the present case as the carbethoxy-group and the 
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hydrogen atoms at positions 6 and § come into too close proximity. In the case of benzo- 
phenone, the two phenyl groups are free to rotate and so do not interfere. 


(Vv) (VL) 


In G.P, 499,320 and 501,282 (Chem. Zentr., 1930, 11, 2697, 2696) it is claimed that mesobenz- 
anthrone can be condensed in. position 4 with compounds containing a reactive methylene 
group. This does not seem to have been proved, however, and under the very mild reaction 
conditions used therein it wouid appear anlikely that two hydrogen atoms would be eliminated 
to give compounds such as (VI). 

A possible, but less likely, interpretation of the analytical figures is that the action of potassium 
tert.-butoxide splits be throne to (IV) or (V), as it is known that non-enolisable ketones 
may undergo such fission (Swan, J., 1948, 1408), and that reaction with the succinic ester 
then ensues. However, when mesobenzanthrone in toluene was treated with potassium /ert.- 
butoxide, only a trace of acidic product was obtained : in addition to unchanged mesobenzanthrone, 
4: 4’-dibenzanthrony! was isolated (the latter was also produced during the Stobbe condensation). 


arbethy (7-hydrow anthren-7-yl) pro, ic Acid (11).—To m (1-2 g., 0-03 mol.), 

(bee), tert.-butanol Geec , 0-03 mol.) agitation 
continued for 4 hours and the mixture kept overnight at room temperature. mesoBenzanthrone (60 g., 
0-026 mol.) and ethy! succinate (7-8 g., 0-045 mol.) were added, and the mixture was stirred and heated 
under reflux for 6 hours in a current of nitrogen. The solution darkened rapidly. It was then cooled 
and washed with water (3 x 50c.c.), The deep-brown aqueous layer was w with toluene, filtered, 
and acidified. The resulting pale brown solid (1°55 g.) was dried in a vacuum-cesiccator and Ww 
from benzene —— petroleum, giving the acid (II) as a fawn-coloured, micro-crystalline solid, m. 
151-152 comp. ) -~3 sintering and darkening at 100° (Found: C, 73-55, H, 51. 

uires C, 
~"/. Stetben of the oid O26 ) in ethyl acetate (20 c.c.) was treated with one of diazomethane (0-12 g.) 
in ether (10c.c.), and the mixture was set aside overnight. The solvents were removed (reduced pressure). 
The black, tarry residue was extracted with boiling benzene and the solution diluted with light petroleum 
(b. p. 60-80"). The resulting light-brown solid recrystallised from benzene—light petroleum 
attording | the ester (111) as a buff-coloured powder, m. p. 142-146" (decomp.) (Found: C, 
H, 52. O, requires C, ts 85; H, 5-6%) 

Action tert.-Butoside on mesoBensanthrone —mesoBenzanthrone (3 g.) in dry toluene 
(38 ¢.c.) was heated under reflux for § hours with potassium fert.-butoxide (4-4 g.), with the addition 
of water (0-23 ¢ ), cooled, washed with sodium hydroxide solution and water, dried, and concentrated. 
On cooling, a yellowish-brown powder separated ; this was recrystallised from toluene, giving 4 : 4’-di- 
benzanthronyl, m. p. 310-315" (lit., 320-—321°) 


Thanks are offered to Imperial Chemical Industries Limited, Billingham, and to Middlesbrough 
Education Committee for the award of scholarships (to L. M ). 


University of Durwam, Kino’s Cotiece, 
NEWCASTLE-ON-Tywe, (Recewwed, March 16th, 1950.) 
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314. Structure and Antimalarial Activity. Part IV. Benziminazoles 
and Mercaptodihydroglyozralines. 

By A. T. James and E. E. Turwer, 


Various derivatives of benziminazole substituted in positions 1, 2, 4, 5, and 6 have been 
and t antimalarial activity has been demonstrated in certain of them. small 


prepared A 
ber of 4 ydroglyoxalines substituted in 1 or 2 has been and t 
activity has been found in one of two cases. 


Brnzmimazoves bearing aliphatic chains in position 2 have been shown by Clemo and Swan 
(J., 1944, 274) and by Turner and Hall (/., 1948, 1909) to be inactive against Plasmodium 


group 
R » CHyCH,CO,H, R’ = Cl, R” « H) failed to induce activity, as did 
similar of a hydroxymethyl! group. 


a \ 


Woolley (J. Biol. Chem., 1944, 152, 225) has shown that benziminazole and 4-nitro- and 
benziminazole inhibited the growth of certain yeasts and bacteria, the inhibition being 
reversed by the purines adenine and guanine. 

The similarity of the structures of these purines and 4- and 5-amino- and -nitro- 
malaria. However, 5-amino- (I; R = R” = H, R’ « NH,), 5-nitro-2-mercapto- (1; R = SH, 
R’ = NO,, R” H), and 5-amino-2 aptobenzi 
all proved to be inactive. 

Slight antimalarial activity was found in the following benziminazoles: 1-(2-pyridylamino- 
methy!)- (11; R= H, R’ « 2-pyridyl), 4-nitro-1- (1; Re NO, 
R’ = 2-pyridyl), and 4-nitro-1-(2-hydroxyethyl yl) (Il; NO,, 
R’ CHyCH,OH). 

5-Nitro-2-aminobenziminazoles were next selected for trial as they possess a cyclic guanide 
Structure. Attempts to synthesise such compounds by the cyclisation of the appropriate 
o-aminophenylureas failed, though a variety of condensing agents including sodium propionate 
in propionic acid, phosphorus oxychloride, sulphuric acid, and zinc chloride was used. The 
most effective method for the synthesis of these compounds was that described by Kym and 
Ratner (Ber., 1912, 46, 3238), consisting in heating the appropriate amine with 2-chloro- 
benziminazole. In this way 5-nitro-2-(p-chi lino)benziminazole (1; R p-ClC,HyNH, 
R’ = NO, R” = H) and 5-nitro-2-piperidinobenziminazole (III; RK « NO,) were 
Both substances were soluble in alkali to give deeply coloured solutions and were tested as such 

2-piperidinobenziminazole (III; R < NH,) failed to induce any activity. 


HC 4 

Mono-, di-, and tri-nitro-derivatives of 2-hydrox 


were readily prepared. 
The action of nitric acid (d 1:42) on 2-hydroxybenziminazole aflorded 5-nitrobenziminazolone, 
nitration with fuming nitric acid afforded 5 : 6-dinitrob and nitration with 
@ mixture of concentrated sulphunc and nitric acids afforded 4: 5 : 6-trinitrobenzi 
The reaction between dinitrob i and aromatic amines, reported by Kym and 
Ratner (loc. cit.) to result in the replacement of one of the nitro-groups by an amine residue, 
was found to be complex and to give rise, in the case of p-chloroaniline, to a variety of coloured 
products. No indication of simple replacement of one of the nitro-groups was found with 


chloro-6(or 5)-methoxy-2-methylbenziminazole (I; K Me, R’ = Cl, MeO) and 
5-chloro-2-pentadecylbenziminazole (1; K « C,,H,,, R’ =— Cl, R” «= H) were found to be 
CH, NHR’ | 
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this amine. The trinitrobenziminazolone reacted violently with aliphatic and aromatic amines 
to give dinitro-aminobenziminazolones, the position at which the amino-group entered the 
benzene ring being unknown. 

5-Nitrob proved to be imactive, 6-chloro-5-nitrobenzi | showed 
slight antimalarial activity. Slight activity | was also by 
benziminazolone, and dinit 
inactive, as was : 6-8: 6’-5 6)benziminazole All these 
except (IV), dissolved readily in weakly alkaline solutions to give intensely coloured solutions, 
and were tested as such. 

A few derivatives of 2-mercapto-4 : 5-dihydroglyoxaline (V; RK = H) were synthesised, but 
no marked antimalarial activity was displayed by any of them. 2-Mercapto-4 : 5-dihydro- 


glyoxaline was slightly active, but (4: 5-dihydroglyoxalin-2-yithiojacetic acid (V; R= 
CH,yCO,H) was inactive. Introduction of the piperidinomethyl group at the | position, to 
give 2-mercapto-1-piperidinomethy!-4 ; 5-dihydroglyoxaline (V1), gave rise to slight activity. 
Bis-4 ; 56-dihydroglyoxalin-2-y!l sulphide (VII) proved inactive. 

The ical tests were carried out by Drs. Hawking and W. M. Perry of the 
National institute for Medical Research. 


EXPERIMENTAL, 
(All m. p.s are uncorrected. Analyses are by Drs. Weiler and Strauss, Oxford.) 


Chloro-4-nttroant sole.—o-Chictoanisole (1 mol.) was nitrated in ial acetic acid with nitric acid 
go mee mole d 1-42) by mg my mixture under reflux for 2 hours (cf. Reverdin and Eckhard, Ber., 1899, 
crystallisation 


On cooling of 2-chioro-4-nitroanisole (52%) separated and after 


2-Chloro-4-acetamid le —-2-Chioro-4-nitroanisole was reduced with iron filings and very dilute 
hydrochloric acid. After neutralisation with aqueous ammonia, alcoho! was added and the iron, etc., 
were removed by filtration. The brownish product obtained after removal of the alcohol was acetylated 
Crystallisation from water (charcoal) gave a product, m. p. 94° (Ri and 


2-ChAlovro-5-nitro-4-acetamidoanisole.—Nitration of 2-chloro-4-acetamidoapisole in a mixture of 
concentrated sulpharic and nitric acids below 20° gave a , brown | crystalline product when the mixture 
was poured on crushed ice tion from glacial acetic acid afforded yellow needles, .. a 
Hydrolysis with concentrated hydrochloric acid gave m. 
crystallisation from alcohol (Found: N, 13-6; Ci, 17-1. C,H,O,N,Ci requires N, 13-8; Ci, 17 
2-Chloro-b-amsno-4-acetamidoanisole.—2-Chioro-5-nitro-4-acetamidoanisole was reduced in 
pe poe with hydrogen in the presence of Raney 74 The base obtained after removal of the nickel 


alcohol crystallised from water as 157° (Found: N, 13-2. C,H,,O,N,Cl requires 
) hydrochloride, m. p. 282" (dec was ‘passage of h Chloride 
ution of the base in alcohol, followed by precipitation by (Pound: C, 43-6; H, 48; 

requires C, 43-0; H, 48; N, 11-2%). 
Siouie acid with ‘Teoet sodium tralisation and crystallisation from alcohol gave 


6-methoxy-2- methy!benziminazole, ‘cabvanied into the Aydrochloride, m. p. 262° (Found : 

N, 120. C,H,ON CI, requires N, 12-0%) 

4-Chloro-2-mttropalmitoandide.—4-Chioro-2-nitroaniline (5 g.) was heated in dry toluene with 

te toy! chloride (8 g.) for 1 hor. On evaporation of the t and crystallisation of the product 

¢ from alcohol and then from acetone—light petroleum, a pale yellow crystalline anilide (10 g.), 
m. p. 76°, was obtained (Found: N, 65. C,,H,,O,N,Ci requires N, 6-8%). 

—4-Chioro-2- mitre toanilide (7-5 g.) was 
solution with hydrogen in the presence of Raney ni Removal of the nickel and alcohol, followed 
by crystallisation from aqueous alcohol, gave a Ce ceaiine product (4-6 g.), m. p. 103° (Found: N, 6-9. 
requires } N, 74%) 


A d in 


Chloro-2 niadecyiben sole.—4-Chioro-2 iid was heated in 
acid with fa sodium te (1 g.) for 1 hour. een Os luted and neu with 
10% sodiem hydroxide solution. precipitate was crystallised twice from aqueous alcohol, giving 
les, m. p. 68° (3 g.). Recrystallisation light meee: gave a van gh with m. p. 71 
(Pound: N, 7-5. CyH,.N,Cl requires N, 7: The Aydrochionde, m 
passing dry hydrogen ‘ctloride into solution the base in benzene (Found N70. 
requires N, 7-0%) 


propionic Acid. (14 g.) was heated in 
toluene (70 c.c.) with succinic anhydride (20 g.) for I hour ( matie® J 1920, 2965). The 
obtained dissolved in concentrated hydrochloric Sodium bh 


on cooling was was 
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added until the solution grew turbid. Cooling the solution caused the deposition of brown crystals. 
Crystallisation from water (charcoal) See eae acid, plates, 
(Pound: N, 110. C,H,,O, 10-7%). 

ic acid (40 cc.) (Phillips, 2908). 

of the solution with aqueous ammonia 

200" after crystallisation from aqueous alcohol The m. p. 246", was 

ted from an acetone solution of tg chioride (Found C, 43-1; 
, 36; 124. C,HJON requires C, 43-8; H, 3-6; N, 12-86%). 

5-Nitvobensiminasole.—4-Nitro-o-phenylenediamine (7 g.) was heated in formic acid solution ~ e.c.) 
with fused sodium formate (2 g.) for 30 minutes. Dilution of the solution, followed by new 
benziminazole (5 g.), yellow, m. p. 205° (cf. Bamberger and Berle, Annalen, 1891, 278. 340), : 

4-Nutrobenssmenazole.—-Benziminazole (10 ¢) was dissolved in nitric acid (¢ 1-42) cooled below 40". 
Dilution of the solution and neutralisation ee ee, Se eee of the 
precipitate from aqueous — (7 g.), m p. 210-212". A mixture 
with 5-nitrobenziminazole m. p. 

in the of Raney nickel. Filtration and evaporation of the alcohol 5-aminobenzmuinazole 

(1-5 m. p. 160° after crystallisation from aqueous alcohol (cf. Woolley, Joc. 
(10 was heated with carbon 
disulphide alcohol were removed under reduced pressure and the residue was crystallised from 
aqueous alcohol rege. giving 5-nitro-2-mercaptobenziminaszole (6 g.), m. p. 282° (Found; N, 21-2. 
Calc. for C,H,O,N,S: N, 21-56%). 

Nitro-2-mercaptobenziminazole was reduced in 
passed into the alcoholic sclation. tion from water, . 
ide, m. p. 220° (F : ©, HM, @0; 5S, 16-8, 

N-p-Chlorophenyl-N’-(4-chloro- .—4-Chioro-2-nitropheny! isocyanate (5 g.) was 
ts and three drops of pyndine on the water bath for hours 
coming ipitate formed, on crystallisation from alcohol afforded 
(6 g.), yellow, m. p. 228° (Pound: N, 12-0; Cl, 21-6. 

N area —The above nd was reduced in ethyl 
acetate over Raney nickel with hydrogen under pressure. Removal of the nickel by filtration, followed 
by crystallisation of the from alcohol gave N-p-chlor, N'-(4-chloro-2-aminopheny!) urea, 
m. R 235° (Found: N, 140. C,,H,,ON requires N, 14-2%). 

‘-isopr reaction between 4-chiocro- yl 
and had m. p. ! 184° (Found: N, 165. C requires N, 163%). 

N- reaction between 4-Chloro-2-nitrophenyl 
afforded a product, m. p. 89° (Found: N, 141. C,H requires 

Attempted Cycissation urea.——(a) The amine (6 g.) was 
heat propionic (0 with fused sodium acetate (2 g.) Tie wes dlinted, 
made with 10% sodium hydroxide solution, and extracted with benzene. The benzene was 
removed im vacwo and the brownish residue crystallised from aqueous alcohol (charcoal) and then from 
carbon tetrachloride. The substance isolated in this way melted at 230°. 

(6) The amine (5 g.) was heated in dry toluene (120 c.c.) with oxychloride for 2 hours. 
product ned at A mixture of the product and N-p-chiorophenyl-N’-(2-amino-4- 
chloropheny!) urea ited at Pe 

(e) A of the bene tn dry (200 was with sine tes 
The solution was cooled and filtered, the toluene evaporated off. | 
A mixture of product and the original 
amine at c 

2-H ydroxybenziminazole.—A mixture of (1 mol.) and urea (3 mols.) was heated 
at 170—180° (Kym and Ratner, loc. cit.) the liquid had set to a hard crystalline mass. This was 
cooled, dissolved in 5% sodium hydroxide solution (charcoal), and precipitated with 30%, hydrochloric 
acid, as micro-crystalline solid, m. p. 200° (70%). 

5-Nitro-2- minazole. 2-Hydroxybenziminazole (20 g.) was ved in nitric acid 
(d 1-42; 150 c.c.) at room temperature. Attar couse sninaten the scletion became turbid and a 
alcohol, yellow 5-nitro-2-hydrox ziminazole, m. p. > * in 75% yield (cf. Hager, 
Ber, 17, 3830) : N, 265. Cake tor N, 23-6%). * 

The preparation was also carried out by fusing a mixture of (-aitro-o-phenylenediamine and excess 
of urea at | 180°. The cooled solid mass was dissolved in 5% sodium hydroxide solution (charcoal) 
to give a red solution; the colour disappeared on acidification and pale yellow 5-nitro-2-hydroxy- 
was (cf. Kym and Ratner, loc. cit.). 

2-C rimimnazole —5- 2-hydroxybenziminazole (15 g.) was heated under reflux 
with phosphorus oxychloride (30 aatil was complete (3 hours). After evaporation i= 
vacuo the residual hardened foam was washed rapidly with ice-water and then crystallised from alkaline 
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aqueous alcohol Cooling the solution caused the deposition of colourless 2-chloro-§-nitrobenzimi le 

Nutro- —2-Chioro-5-nitrob le (10 heated at 180° 
with excess 506) The dark brown melt was and steam-distilled 
to remove the excess of p-chloroamiline, and the residue dissolved in concentrated hydrochloric acid. 
Nevtralisation with aqueous ammonia afforded a yellowish - ), which on crystallisation 
from a gave 5-nitro-2-p-chlorcantiinobenziminazole as an orange-red micro-crystalline powder, 
360° (decomp ) } (Found : N, 198. C,,H,O,N requires N, 19-5%). 
(20 cc.) for 2 hours The residue obtained after evaporation of was dissolved in 
oncentrated hydrochloric acid and carefully neutralised with te. The 
precipitate obtained, crystallised from aqueous Cua 
small yellow needles, m 200° (Found N, 31-4. 

Nitro-2- 
alcoholic solution in the presence « Removal of nickel 
of hydrogen chionde by addition of ether, poosiplanted the dihydrochloride. Cr tion 
from water afforded 5-amino-2- hydrochloride as a m. p. 190° 
(Found: C, 42-4; H, 69; N, 164 H,,N,Cl,.3H,O requires C, 42-2; H, 64; N, 16-4%). 

“Benziminazole (0-01 mol. ) was dissolved in methyl alcohol 
(100 c.c.}, together with 2-aminopyridine (0-011 mol}. 40% Aqueous formaideh (0-012 ‘mol. ) was 
added and the solution kept overnight (Bachman and Heisey, Amer, Chem 
Removal of the meth ‘slochol by distullation, followed isation from 
as needles, m. p. 190-192" (Found: C, ; H, N, 24-6, 
«requires C, 09-7; H, 56; 
4-Nuiro-1-(2 ylaminomethyl) minazole itrob preparation 
was carried above for of the t from aqueous 
akobol as plates, m. p. ~—~208° (Found: C, 
680; H, 38. requires C, 58-0; H, 

4-Nitro-1- .—Under the conditions described above, ethanol- 
amipe, 4-nitrobensiminazole, and formaldehyde afforded 
205" The monohydrochloride had m. p. 260 (decomp.) (Found: N, 
19-9. requires N, 20-6%). 

5: 6-Dintiro-2 ~§-Nitrobenziminazole (7 g.) was dissolved in fuming nitric 
acid (90 c.c.) (Kym and Ratner, lec. cif.). After 2 hours the solution was poured on crushed ice, and the 
yellow product dissolved in ammonia solution (d 0-88). After acidification with concentrated hydro- 
chioric ackl, followed by filtration, the solution deposited orange crystals of 5 : 6-dinitro-2-hydroxy- 
bensiminazole (3 g.), which after crystallisation from alcobol did not melt up to 260° (Found : tC 3: 
H, 1-0; N, 240. Cale. for C,H,O.N,: C, 37-6; H, 1-6; N, 25-0%) 

6: 6: hydronybensiminasole —§- Nitro-2-hydroxybenzminazole (5 g.) was dissolved in 
concentrated sulphuric acid (50 c.c.), and concentrated nitric acid (d 1-42; 10 c.c.) added. After } hour, 
the solution was poured on crushed ice. The yellow precipitate (6 g.) was washed free from acid and 
dissolved 10%, sodium hydroxide solution, and the solution filtered and acidified. The resulting 
yellow id dissolved in 5% sodium carbonate solution to give a Stone solution. yy eee 
acidification with dilute hydrochloric acid afforded a of 5:6; 
m. p. > 300° (Found 31-2; 2, N,2 C,H,O,N, 
C, 30:3; H, N, 

Reaction between hloroamiline and 5. 6-Dinstro-2-hydroxyb e.—p-Chioroaniline (20 g.) 
was mixed with 5 Caiaitro2- hydroxybenziminazole (3 g.) and heated in a bath at 140° for 1 hour. 
The melt was cooled and then steam-distilled to remove excess of p-chloroaniline. The dark residue was 
dissolved in 3n-sodium hydroxide solution, and the solution filtered and acidified. The dark red 
= crystallised from aqueous alcohol to give a semi-crystalline mass which could be further 

tionated by careful precipitation by acid of a solution in ium carbonate solution. The products 
were all dark and contained tom 38-0 to 52.0% of carbon and 22-0 to 25-0% of ni . No substance 

ing to the expected nitro-p-chilor could be ted. Slight anti- 
malarial activity was displayed by the fractions 

Di 6: 7-Trinitrob zolone (5 g.) was heated with 
p-chloroanih ne (30 g.) at 180° for Lhour. Extraction of the solid apes with dilute hydrochloric acid 
to remove excess of base, followed by dissolution of the residue in 10% sodium hydroxide solution, gave 
a reddish-perple solution. On acidification a red powder was precipitated ; this was dissolved in dilute 
— ammonia, and the solution filtered and acidified with dilute acid; a oe Nisa Cc. precipitate 

m. p. > 200° (Found : C, 44-2; H, 1-6; N, 19-8 
requires C, 447; H, 2:3; N, 20-09%), was obtained 

Addition of 5:6: 7-trinitrobenziminazolone (5 g.) to iso- 
propylamine (20 g.) provoked a violent reaction, giving a deep-red solution. When the reaction had 
ceased, the solution was diluted with alcoho! and then ac idifled with dilute hydrochloric acid; there 
resulted an immediate = tate of the bright red dinitrowopropy solone (3 g.), m. p. 
242° (Found: N. 25-1 25-00%, 

6-Chloro-5 (trom 4-chloro-o-phenylenediamine and 
area) was dissolved in nitric acid a 1-42) at room temperature and set aside for 1 hour. The yellow 
precipitate obtained by pouring the acid solution on crushed ice was dissolved in 10% sodium carbonate 
solution, and the solution filtered 2 acidification, 5-chloro-6-nitrobenziminazolone was precipitated ; 
it sinters at 200° (Found. N, 108. C,H,O,N,Cl requires N, 19-6%). 

2-H —5 : 6-Dinitrob 6 was reduced 
with iron filings and hydrochloric acid as described by Kym and —— cit) to give 8: 6-diamino- 
benziminazolone. The dihydrochloride of the base was crystalline solid, and 


| 

| 

| 
| 
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Neutralisation of solution gave & dark precipitate which wes Gisscived in hydrochloric acid. 
the bh of 2-hydrox 5’-5 6)benziminazole as m. p. 280° (Found : 
N, 27-4. Cale. forC,H,ON, HCI : N, 26-6 


Bis-4- 5-dshydrogiyoxalin-2- ~yl Dasulphide 4. &-dibydrogl 
with iodine in potassium iodide solution (Johnson and Edens, joc. on m. Pp iis". 
Bis-4: ydrogiyoxalin-2-yl Sulpusde.—The above 


. digested with bouling 
yoxalin-2- yl sulphide as its hydriodide, m. p. (round 


by , 1942, 


Thanks are offered to the Medical Research Council and to Imperial Chemical Industries Limited for 
grants. 


Universtry of (Beprorp Cotszcr). (Received, January With, 1950.) 


315. The Constitution of ¢-Santonin. A Correction to Part III. 
By Wesiey Cocker, Lipman, and D. R. A, Wayre. 


anhydrides 
are respectively yl) acid (A ot acid 
and not £-(2-methoxy-3 “propionic 
by Cocker and Lipenan (/,, 1967, 683). 
In an earlier communication, Cocker and Lipman (loc. cif.) assumed that succinic and maleic 
anhydrides condense with m-4-xylyl methyl ether in the ortho-position to the methoxy-group. 
It has now been shown by oxidation of the products to 5-methoxy-2 : 4-dimethylbenzoic acid 
(cf. Cocker et al., in the press) that condensation takes place predominantly at the meta- 
ition to the methoxy-group, thus confirming the work of von Auwers and Mauss (Ber., 1928, 
61, 1495) (previously overlooked by Cocker and Lipman) who showed that reaction of acyl 
chlorides with m-4-xylyl methyl ether gave mainly 5-methoxy-2 : 4-dimethylphenyl ketones. 
This development involves the re-orientation of a number of compounds, described by Cocker 
and Lipman, which were derived from the initial condensation products, §-(5-methoxy-2 : 4-di- 
methylbenzoyl)-propionic (A) and -acrylic acids (B) respectively. 


Reduction of (A) affords »-(5-methoxy-2 : 4-dimethyl)phenylbutyric acid * which on 
cyclisation with concentrated sulphuric acid at 65° yields almost pure 1-keto-8-methoxy-65 : 7-di- 
methyl-1 ; 2: 3: 4-tetrahyd hthalene (E; R= 
water-bath affords a mixture in which the hydroxy-compound (E; = H) predominates. The 
subsequent stages in the production of 2: parton psa AD (Cornforth, Cornforth, and 
Robinson, J., 1943, 168; Clemo and Cocker, J., 1946, 30; Cocker and Lipman, Joc. cit.) are 
unafiected by the new orientation. 


* This acid, stated to have m. p. 92°, has been obtained ia m.p. 120°. Both, 
however, yield the same on des and Lipman, 


yoxualine 

afforded 

n alcoho! 

ibed before. The base had m. p. 

a chloride on an alcoholic 

A 
| 
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Cocker and Lipman (loc. cit.) described the tetralone, m. p. 61°5°, obtained by the use of 
80% sulphuric acid as 1-keto-5-methoxy-6 §-dimethyl-1 2: 3 : 4-tetrahydronaphthalene. 
Later work has uhown that the tetralone was in fact a hydroxy-compound now known to be 
(2; R= H). Its methyl ether R « Me) meltsat41—42°. There seems to have been some 
confusion at this point in the earlier work since the semicarbazone, glyoxylate, and bromo- 
tetralone described were correctly formulated as methoxy-compounds. The piperonylidene 
derivative was undoubtedly a hydroxy-compound and the analytical figures given in the earlier 
paper are in good agreement with this view. We have been unable to obtain the hydroxy- 
tetralone, m. p. 145°, previously described. 

Cocker and Lipman’s tetralone gave a violet ferric chloride colour, but was insoluble in sodium 
hydroxide solution, and a methoxy! determination performed by other workers gave a value in 
good agreement with that expected for the methoxy-tetralone. At the time, it was concluded 
that enolisation was responsible for the ferric chloride reaction, whereas we now know that the 
colour was associated with the phenolic group. The insolubility of the tetralone in aqueous sodium 

“ hydroxide is a result of steric hindrance; thus, for example, 2 : 4-dimethyl-6-tert.-butylphenol is 
sparingly soluble in all but the strongest alkali. The liquid tetralone used in the preparation 
of derivatives was actually a mixture of hydroxy- and methoxy-compounds and not a mixture 


We have now prepared the semicarbazone of the hydroxy-tetralone (E; R = H) and the 

ylidene derivative of its methyl ether R= Me). 5-Hydroxy-6 : 8-dimethyl- 

1:2: 3; 4-tetrahyd phthalene was obtained from both the tetralones (E; R =< H or Me) 
and was readily dehydrogenated to 2 : 4-dimethyl-1-naphthol. 

In addition to the compounds mentioned above, the various products described by Cocker 
and Lipman (loc. cit.), who denoted them by the numbers in parenthesis, have to be re-orientated 
as follows : 

Route : 7-dimethyl-1 : 2: 3: 4-tetrahydronaphthalene 
(VIE). 

Route B.—Ethyl 1-keto-8-methoxy-5 7-dimethyl-1 : 2: 3: 4-tetrahydronaphthalene-2- 


of keto and enol forms. Srp 


(XI) and -carboxylate (XII). 

Route a-chloro-$-(5-methoxy-2 : 4-dimethylbenzoyl)propionate (XIV). 
a-(5-methoxy-2 : (XV). -2: 
methylbenzoy!)butane-Gy-dicarboxylic acid (XVI). -($-5-Methoxy-2: 
ethyl)-«’-methylsuccinic acid (XVI). of 1-keto-8-methoxy-65 : 2:3:4- 


tetrahyd hthalene-2-a-propi acid (III; R «= Me). 
Re-orientation of the methoxy-dimeth thylacetoph » m. p. 76°, described by Cocker and 
Lipman (loc. cit.), leads to S-methoxy-2 : 4-di hylacetop The melting point of this 


ketone is given by von Auwers and Mauss (loc. cit.) as 50—51°, and a specimen recently 
in these laboratories had m. p. 52°; consequently the constitution of this ketone, m. p. 76°, is 
still uncertain. It is possible that the difference in melting point is due to dimorphism. 


EXPERIMENTAL. 


1-Keto-8-methory-5 T-dimethyl-\ 2. 3: 4-tetrahydronaphthalene (E; R = Me). —y-(5-Methoxy-2 4- 
oer yi)butyric acid was eae with 5 times its weight of concentrated sulphuric acid at 
65..-70° for 10 minutes. The product was poured on ice, collected with ether, and w: with 


ueous 

— hydroxide, and the solvent remo » leaving the methoxy-tetraione as an oil (20%) which solsdified 

OMe, lised from light petroleum as needles, 41—42° (Found : C, 76-5; H, 7-8; 

47. CyH,O, requires C, 76-5 7-8; OMe, 15-2%). wiidene derivative crystallised 

yw needles, m. p. 112—113° (Found H, 58. requires C, 
H, 80%) 


The semicardazone of the ‘oc, R H) crystallised from dilute alcohol as needles, 
m. p. 273-—275° (Found 5; Tequires C, 63-2; H, 6-9%). 
1:2: Obtained by the demethylation of its 


l ether, this & b. p. 40—60 


Usiverstry Cusmicat Laporarory, 
Tamrry Cotteoce, (Received, March 22nd, 1960.) 
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1949, 26, 345) measurements of the heat of 

of methyl alcohol and its homologues on silica gel have been described. The primary object of 
the present investigations was to see whether any marked changes in the adsorption isotherms 
and heats of adsorption are produced when bases are substituted for the alcohols. 


EXPERIMENTAL. 


mixing, vigorous shaking, equal volumes of commercial hydro- 
to ont then cut into small pieces, washed thoroughly, 
ares. The final desiccation was at 350° in a current of dry 
mt tro year at the time of the measurements. The liquids were purified 
methods belove use and had entislectery ©. gel was evacuated at about 


Pre. 1. 
Adsorption isotherms. 


Pressure, (mm.). 
A, Picoline ; B, pyridine; C, piperidine; D, triethylamine; E, disthylamine. 
described (/. Physical Chem., 1045, 48, 
pressures of the vapour were measured by noting the 
was well over | g. in each case. oan 


wif 


By B. P. Gyan. 

silica gel has been measured at 35°. The heats of adsorption have determ by a tensi- 
metric method. The are similar to those 

The ads 
226). The 
increase in t 
about 15 g. 
bulb had a ff 
this dead space at a pressure of 100 mm. would weigh less than 0-001 g. at the temperature of ¢ 
experiments, so that the error in determining the amount of adsorption was in general less than 0-1%,. 
to the manometer, with an of mm. 
The “adsorption was tm an air thermostat whowe temperature was Kept constant 

plotted refer to desorption only. These were 
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adsorption isotherms were a little erratic in the beginning but gradually settled down in the neighbourhood 
ef the desorption isvtharme eucept for sana segions of bywteresio towards tnturation pressares. It is 
6. simplest isotherm is diethylamine which 
deacribed by (" 


fonsimeter to belong tot (" The 
fo . and Vapour,” Vol. I, Oxford Univ. Press, 1943, 


ilar discontinuities in adsorption 1 
of 
the 
ad 


uced into the apparatus. 
was heated almost 


apparatus clam vertically in 
The tap was sealed with a few of mercury 


A, a Picoline ; B, pyridine ; EB, disthylamine. 


The thermostat was set at different 
of the vapour in contact with the gel 


ne piperidine 
and e-ptcoline curves are sigmoid, corresponding to type iv. The 
remaining two isotherms have a number of distinct loops and corre- 
Tr md to none of the types described by Brunauer. Somewhat 
3 | 
4 
Ge/ to one limb of the manometer M. A glass rod placed between two 
slight constrictions at X prevented the ge! particles from falling into 
“y to the other limb of manometer. Sufficient mercury was intro- 
+ ? duced into the apparatus to fill half the manometer on either side. 
, It was then collected into H by tilting the apparatus. B was then 
heated to about 300° while the apparatus was being evacuated with an 
M pet gg When the evacuation was complete the tap T was closed 
the bulb allowed to cool. A quantity of the freshly distilled 
liquid under investigation was intros 
vapour was rapidly absorbed by the 
ay excess of liquid which c 
to and kept at that temperature for some minutes to ge 
of the gases retained by the gel during heating and evacuation. 
The excess of liquid was then pumped out, the tap 7 closed, and the 
mercury returned to the manometer. The manometer on the side of 
H owas then fully ev: 
a large thermostat. 
ae Faraday cement. thermostat Was aintaied at temperatures 
to within O-1°. Pressures were read as described above in the adsorption experiments. 
Fro. 3. 
Plot of log p against 1/T. 
> 
tem tures (room temperature to about 70°) and the pressures 
completion of runs at an arbitrarily fixed composition the tensimeter was removed from the thermostat. ; 
The mercury was again collected in HM and a quantity of the vapour was pumped out from the gel to 
one ain eae The apparatus was then reset for another run. The value of the 
adsorption, 4/m, was by reference to the previously determined isotherms at 35°. 
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higher values of s/m owing to its larger equilibrium 
pressures. It is also seen that the heat values are 

markedly different from those for the alcohols 
(methyl alcohol, 11470 at #/m 23°97; ethyl 


Heats of adsorption of bases on silica gel. 


those of Mann (J. Amer. Chem, Soc., 1931, 58, 453) ; 

the same liquid from silica gel at constant amount of adsorption, 64 «x 10 g.-mols. per g. of the 
gel. One notes that the entropy of evaporation falls off somewhat towards higher temperatures 
but that the entropy of desorption of the same liquid from silica gel, at a constant amount of 
adsorption is steady in the range of temperatures covered. However, the two curves have 
substantially equal slopes. This result may be interpreted to mean that the adsorbed molecules 
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a can sure 

The isosteric heat of adsorption, Q, was calculated from the equation, d log p/d(1/T) = 
~ Q/2°303R, which shows that the plot of log p against 1/T should be a straight line if Q is 
constant under the conditions of the experiments. 

Fig. 3 shows some of these plots for the various 4 eh ple e 

means that the isosteric heat has no observable Porsdbes sls pe 

temperature coefficient. Brunauer (op. cit., p. 262) 

calls attention to the fact that, if adsorption may . 
be regarded as purely physical, the heat of adsorp- * 
tion should be practically temperature-independent. 

The average values of —@Q for the bases pyridine, LO 
a-picoline, and diethylamine at different stages of 
adsorption are summarised in the Table. They are 
practically equal for all three compounds. It was ry 
not possible to measure —Q for diethylamine at # fi, 
/ 
the differences between the chemical properties of 
the two series of compounds and some of their / 
physical properties, ¢.g., dipole moments, 1°73—1°65 
for methyl-butyl alcohol, 2°11 for pyridine. The 
net heat of adsorption (= isosteric heat of adsorp- ‘ 
tion — latent heat of condensation of the vapour 
to a liquid in bulk) was again found to be positive . 
throughout for pyridine and is probably so for the 
other bases (cf. J. Indian Chem. Soc., loc. cit.). It amounts to about 18% of the isosteric heat 
under the conditions of these measurements. 

jm (10°* g.-mol./ — Q, cals./ 
64-0 11,660 Diethylamine ... 221 12,010 
absolute temperature JT, The quantity A/B which is proportional to the entropy may be 
obtained at any temperature 7 by plotting log p against log T, and measuring the slope of the 
resulting curve at the appropriate point. A similar procedure may be adopted with the data 
obtained in the present tensimetric measurements to see how far the entropy changes 
accompanying evaporation are analogous to those accompanying desorption. The upper 
curve of Fig. 4 refers to evaporation of liquid pyridine in bulk, the vapour-pressure data being 


Evans, Warhurst, and Whittle : 


&@ manner similar to, but not identical with, that in the ordinary liquid state with 
of freedom. 


author is grateful to the Patna University for the award of a Research F which 
8 ae ee yeeee. He is also deeply indebted to his colleague Professor G. P. for 
valuable 
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317. The Dissociation Energy of Fluorine.* 
By M. G. Evans, E. Wanmunst, and E. Warrrie, 


The objections raised by some authors to von Warten s evaluation of D(F,) = 
463-5 keals. g.-mol.* appear to be well founded. Recent work by itz and Schumacher and 
It is concluded that the experimental data 

present available as a whole indicate strongly a value for D(F,) of about 37 kcals. g.-mol.+, 
certainly not greater than about 45 kcals. g.-mol.~*. 

The energy terms which enter into the calculation of electron affinities using the Born-Haber 
cycle have been re-examined. It is considered that a value of D(F,) = 37 kcals. g.-mol. leads 
inescapably to a value for the electron affinity of gaseous fluorine atoms which is less than that of 
chlorine. There to be no uncertainties in the various energy terms which could be large 
enough to reverse this conclusion. On the other hand, it has been shown that the electron 
affinity of fluorine in solution (i.¢., the electron affinity of the gaseous atom plus the heat of 
solution of the negative ion) remains larger than that of chlorine. The effects of changes 
character of covalent bonds involving fluorine have been ussed. 


Pustisuep work leads mainly to two widely different values for the dissociation energy of the 
fluorine molecule. The spectroscopic studies on fluorine by von Wartenberg, Sprenger, and 
Taylor (1), and by Bodenstein, Jockusch, and Sing Hou Chong (2) are considered to indicate a 
value for D(F,) of about 64 kcals. per g.-mol. On the other hand, more recent spectroscopic and 
thermochemical work on the CIF molecule by Wahrhaftig (3) and by Schmitz and Schumacher (4) 
lead to a much lower value, in the neighbourhood of 33 kcals. Very recently Barrow and 


Caunt (5) have published the results of spectroscopic work with RbF and CsF and have concluded 
that their observations lead to a value for D(F,) of about 50 keals. 

There have been few published attempts to assess the reliability of the different claims and 
it seemed to us that such a survey would be useful, particularly since a number of other impor- 
tant energy quantities, such as the electron affinity of the fluorine atom and certain bond 
energies, are dependent on the value of D(F,). 

The Spectrum of Fiuorine.—The estimate of D(F,) = 63:3 kcals. by von Wartenberg, 
Sprenger, and Taylor (1) was based on the following considerations. The absorption spectrum 
of fluorine is entirely continuous, whereas the spectra of the remaining halogens show both a 
continuum and a band system. Thus D(F,) cannot be estimated by a band-convergence method. 
Von Wartenberg, Sprenger, and Taylor listed, for all four halogens, the values then available 
for ),,, the wave-lengths at which the continuum shows a maximum absorption. In the cases 
of Cl, Br,, and I, they also listed the available values for 4,, the convergence limit of the band 
system. A plot of A, — 2, against atomic number gave a straight line. Extrapolation of this 
line gave a value of 2, — 4,, for fluorine from which ), and hence D(F,) were derived. 

These authors pointed out that this method had no theoretical basis. Such a straight line 
requires the existence of extremely special relations between the potential energy curves of the 
ground and the excited states for the series of molecules, Cl,, Br,, and I,. It is difficult to see 
why such a connection should exist. Mulliken (6) has also criticised both the data and the 
theoretical basis of this method. 

There are two other high values for D(F,) in the literature. The value of 70 kcals. deduced 
by Bodenstein ¢ al. (2) is not an observation; it is based merely on an interpolation from a 
smooth curve of D(X,) against the atomic number of X for the series H,, Cl,, Br,, and1,. Froma 
study of the long-wave-length continua of LiF, NaF, and KF, Desai (7) deduced a value of 72 
keals. for D(F,). Gaydon (8) has pointed out that this estimate is worthless since it is based on 
old thermochemical data now known to be incorrect. Using recent thermochemical data, Gay- 
don found that Desai’s spectroscopic results lead to D(F,) = 24, 48, and 62 kcals. from LiF, NaF, 


* Based on a paper read at the Symposium on “ Fluorine Chemistry " on November 30th, 1949. 
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and KF, respectively. Very little can be concluded from such scattered results, except perhaps 
that D(F,) is not as high as von Wartenberg’s value. 

The Thermochemistry and Spectrum of CIF.—-The first observations in serious conflict with 
D(F,) = 63-3 kcals. were provided by Wahrhaftig’s work (3) on the absorption spectrum of CIF. 
He observed 13 bands with a good convergence limit and found that D(CIF) = 60°3 keals., on 
the assumption that dissociation to excited fluorine atoms occurs. I{ Q,(CIF), is the heat of 
formation of gaseous CIF from the elements in their standard states,* we have 


QF), — DOF) ... 
refer to room temperature. However, the correction is negligible compared to the uncertainties 
im some of the data used. 
If D(C1,) «= keals. (8) and D(CIF) 60°3 kcals. (3), 


then D(F,) = — 2Q4CIF), keals. 


At the time of the appearance of Wahrhaftig’s paper, two values of Q,(CIF), were available 
86 and < 19°4 keals., respectively. 

Gaydon (8) has drawn attention to another feature which he considers indicates a value of 
D(F,) less than 63°3 kcals. Data are available for the first five vibrational levels of the ground 
state of HF.(11) The usual Birge-Sponer plot shows a marked positive curvature and hence it 
would be expected that D(HF) would lie below the value of 138 kcals. obtained by a linear 
extrapolation. Gaydon points out that the values of D(F,) and D(HF) are linked thermo- 
chemically by the value of Q,(HF),. heats, lente = 147 keals., a value 
higher than the linear extrapolation value, 

The spectroscopic and thermochemical work of Schmitz and Schumacher (4) provides the 
strongest evidence for a value of D(F,) much lower than 63°3 kcals. These authors repeated 
Wabrhaftig's work (3) on the absorption spectrum of CIF. The CIF was prepared in two ways: 
(a) directly from pure Cl, and F,, and (6) by mixing CIF, and Cl, m the correct proportions in the 
absorption cell at 350°. The two samples gave the same spectrum. The absorption measure- 
ments were carried out at room temperature and 1:5 atmospheres pressure, thus ensuring that 
the transitions to the upper electronic state originated almost entirely from the zero“ vibrational 
level of the ground state. It seems very unlikely that there can be much error in the assessment 
of the convergence limit in this case since transitions were observed to 14 vibrational levels of 
the upper state, which possesses a very shallow hollow in the potential-energy curve. 

Schmitz and Schumacher used three different extrapolation methods, which give a maximum 
divergence of 0°8 kcals, in the value for D’,, the dissociation energy of this upper state (6-0— 
5-8 kcals.). Wahrhaftig (3) gives 8-0 kcals. for this quantity, but it is unlikely that the uncer- 
tainty in the convergence limit itself is as large as the difference between these estimates of D’,. 
The value of 1)”’,, the dissociation energy of the ground state, is uncertain | {cause it is not known 
which of the dissociation products is in an excited state. However, this .ncertainty is not large 
since both atomic excitation energies are small (F 1:1, and Cl 2°5 keals.). 

Schmitz and Schumacher’s work thus yields a range of values for D”, depending on the mode 
of extrapolation and the assumption concerning the atomic excitation. The values range from 
584 to 607 kcals. Wahrhaftig’s data yield the values 589 or 60°3 kcals. respectively, 

on whether an excited chlorine or fluorine atom is produced. Hence a value of 
D(CAF) = 59°6 + 1°2 kcals. can be open to very little 

Schmitz aad Schumacher also measured Q{CIF),, so that D(F,) could be evaluated from the 

se men QCIF), was obtained by measuring the heats of the following two* 


+ —> (NaF), + Qs = 39:5 + 
(NaC), + CAF —> (NaF), + Cl, Oy = 266 + keals. 


The figure for Q, included a correction for a small quantity of CIF, which was formed. The 
Q, value was the mean of ten experiments. Von Wartenberg and Fitzner (12) had previously 
measured (, and obtained 39°3 + 0-1 kcals., a result in very close agreement with the above. 
Another, quite independent, estimate of Q, can be made from the Q, values of (NaCl), and 
Bichowski (13) (which have each been obtained by indirect methods involving heats of solution 


* Q will be used throughout to indicate heats of formation from the elements in their standard states. 
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and neutralisation, etc.) give Q, « 37°7 kcals. These three estimates seem to establish Q, = 
367 + 1° keals. with a considerable degree of certainty 

A second evaluation of Q, may be made in the following way. Schmitz and Schumacher (4) 
have determined the heat of the reaction : 


CF + Fy —> CIF, Q, ~ 25 4 2 keals. 


from the temperature dependence of the equilibrium constant. They also measured directly 
the heat of the reaction : 


3(NaCl), + CIF, —> 3(NaF), + 2Cl, Q, = 76-5 keals. (No accuracy iimits given) 


We have thus 0, « 0, + 0, — 20, = + ~4 kcals. 

Wicke and Schdfer (14) have independently determined Q, from the temperature dependence 
of the equilibrium constant. Their value is Q, = 26°5 + 05 keals. Combining this with Q, 
and Q, we obtain Q, « 26°64. ~2°6 kcals. These latter estimates of Q, add considerable 
support to the figure obtained by the direct determination. However, they involve data 
determinations of Q, and Q,. Accordingly the evaluation of QCIF), = Q, — Q, has been 
carried out by using Q, = 24°8 + 0-1 kcals. and the above average value of , = 38°7 + 1°0 kcals. 
This gives QACIF), = 14°2 + I'l kcals. Wicke (15) has recently measured directly the heat of 
formation of CIF the elements. By pressure measurements he has shown that, under the 
conditions of his experiments, no CIF, was formed. He obtained QCIF), = 11°6 + 0-4 kcals. 
Combining this with the above value to cover the whole range of uncertainty gives Q/(CIF), = 
13°3 + 21 keals. 

Introducing this value into equation (1), together with D(CIF) = 59°6 + 12 and D(Cl,) = 
keals., gives 

36-4 + 7-6 keals. 

Table I summarises the data used in deriving this figure for D(F,). 


Taare I. 
Nacl F, ——> (N. 
3(NaCl), + CIF, —> 3(NaF), + 2Cl, 0, 


Q, Method. Q, Method. 
39-3 4 O1 Direct, v. W. and F. (12) 245401 Direct, S. and S. (4 
0-5 From Q, (4) and Q, (4 
37-7 Indirect, R. and B. (13) From (4) and @, (14) 


Q, chosen = 38-7 4+ 1-0 keals. Q, chosen = 245 + 0-1 kcals. 


= = 142 + 11 keals. 
CIF), = 11-46 +0 4 keals., Wicke (15). 
CIF), chosen « 13-3 4 2- i keals. 
(CIF) chosen « 59-6 + 1-2 keals. 
D(F,) = 36-4 + 7-6 kcals. 


This range of values includes all the uncertainties in the various quantities used. It does 
not include the older estimates of Q/(CIF),, viz., 27°4 (9) and >22 kcals. (10). Inclusion of these 
figures would give a result for D(F,) Jower than the above value with a wider range of uncertainty. 

We consider that the figure which we have chosen for the heat of formation of (CIF), cannot 
be seriously in error. The number of independent observations involved is fairly considerable 
and forms a convincing body of data. Likewise the value chosen for D(CIF) seems to be open 
to little uncertainty, unless the inferpretation of the spectrum of this molecule is seriously in error. 
Wicke (16) has suggested that this is, indeed, the case. He give the following argument. 

If Morse curves are constructed for the upper and lower states of the chlorine molecule, using 
the known constants, a fairly good estimate can be obtained for the frequency of the intensity 
maximum in the continuous spectrum. This is obtained, using the Franck—Condon principle, 
by finding the point at which a vertical line, drawn from the minimum of the lower-state 
potential-energy curve, cuts the repulsion side of the Morse curve for the upper state. The 
estimated Ay,,,, is less than the observed value by less than 10 kcals., in terms of energy. Wicke 
points out that the same procedure applied to the case of CIF, using the constants given by 
Wahrhaftig (3), gives a calculated value for Ay,,,, about 40 keals. lower than the experimental 
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value reported by Schmitz and Schumacher (4). Wicke, therefore, concludes that considerable 
doubt attaches to the figure D(CLF) = 60 keals. which has been obtained from this spectrum. 
Wicke’s conclusio. appears to us by no means sure. It is well known that a Morse curve is 


a poor result for a particular example of this type of calculation, which is concerned with 
features of the continuous spectrum, impairs the conclusions drawn from the band convergence 
which lies in quite a different region of the spectrum. It is difficult to envisage a more plausible 
interpretation of these bands than the one which has been suggested by the original observers. 

Recently Barrow and Caunt (5) have measured the heats of dissociation of gaseous RbF and 
CsF. D(F,) may be estimated from these observations, since 


= DOF) + — LAN + 


where D(MF) = the dissociation energy of the alkali-metal fluoride to normal atoms, L(MF) = 
the heat of sublimation of the fluoride, Q,(MF) = the heat of formation of the fluoride, and 
L(M) = the heat of sublimation of the alkali metal, all these quantities referring to 18°. 

In this way Barrow and Caunt arrive at the figure D(F,) = 50 + 6 kcals., the two fluorides 
giving results in close agreement. Although little uncertainty attaches to the @,(MF) and 1(M) 
values, this is not so for 1 (MF), for which the correction to 18° requires an extrapolation over an 
extremely wide temperature range (>1000°). It is not improbable that in this way a consider- 
able error of the same sign and nearly the same magnitude for the two fluorides can enter into 
the calculations. Barrow and Caunt point out that the greatest uncertainty lies in this 1(MF) 
term and they conclude that a precise value for D(F,) cannot be obtained in this way, until 
accurate values for L(MF) are available. Caunt and Barrow (17) have also used a similar cycle 
involving thallous fluoride and arrived at the result D(F,) < 45 kcals. 

When the available experimental data are considered as a whole it is clear that an accurate 
value for D(F,) which can be accepted with confidence is not yet available. However, we are 
of the opinion that on the basis of the existing experimental data and the interpretation of these 
data the value of D(F,) must lie somewhere in the range : 


D(F,) = 37 + 8 keals. per g.-mol. 


SOME CONSEQUENCES OF A CHANGE IN THE VALUE For D(F,). 


for D(F,) suggested by Schmitz and Schumacher (4). He has pointed out that this low value 
would demand an appreciable degree of dissociation of fluorine molecules at ~1000°. In a 
recent paper (16) he has described some thermal conductivity experiments from which he . 
concludes that the percentage dissociation of fluorine is negligible up to 1000° and that D(F,) 
cannot lie in the range 30—40 kcals. 

Wicke's experiments consisted of a comparison of the thermal] conductivities of F, and N, 
over a temperature range of 100—1000°, a nickel wire coated with nickel fluoride being used. 
Within an experimental error of + 10% the thermal conductivities of F, and N, were found to be 
the same. Hence Wicke concluded that fluorine is not appreciably dissociated even at 1000°. 


an exothermic heat term which would tend to mask the effect produced by dissociation. In 
using this method to distinguish between dissociation energy values it is the measurements in 
the higher regions of temperature which are clearly of the greatest importance. Such temper- 
ature regions, however, involve the greatest likelihood of attack on the wire. From the details 
given in Wicke’s paper, we are not convinced that in this important temperature range attack 
on the wire by the fluorine is definitely excluded. 

The nickel wire was coated by previous exposure to fluorine at red heat (presumably ~700”). 
There is no evidence presented which shows that this attack by fluorine definitely comes to an 
end, i.s., that the coating completely protects the wire from further slow attack. Also, the 
wire was used for measurements at temperatures up to 300° higher than that use for the coating 
process, Further, Wicke states that above 1000° the wire “ burnt through.” This is certainly 
due to attack by fluorine since the melting point of nickel is ~1450°. The strongest indication 
that this coated nickel wire was unreliable is that Wicke could not obtain satisfactory results 


Morse curve will be an even more uncertain approximation, and this, we feel, will be particularly 

Clearly, the main difficulty in experiments of this kind is to prevent attack of the nickel wire 

during the measurements. This is accentuated, in this case, by the extreme reactivity of 
fluorine. The attack, even if not sufficiently rapid to destroy the wire quickly, would introduce 
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with it in experiments with bromine at high temperatures. It is stated that the nickel 
both uncoated and coated with nickel fluoride, was not stable. Only by using a platinum 


in which Cy and Cy, are concentrations in moles c.c.-', m = the mass of the fluorine atom in g., 
& Boltzman’s constant, A Planck's constant, 7 absolute temperature. = the 
symmetry number of F, (= 2), vy = the electronic partition function for fluorine atoms, vy, = 
the electronic partition function for F, (~ 1), A =~ the moment of inertia of F,, A = the dis- 
sociation energy of the fluorine molecule, and {(v),, = the vibrational partition function of 


is not known.* We have estimated it by assuming that the restoring force constant for F, is the 

same as that for 1, In the above expression for K,, two different values of E, viz., 37 and 45 

keals. have been used; the latter corresponds to the highest value of D(F,) which we consider 
possible, The results are given in Table I]; Py, is the initial pressure of fluorine. 


E = 45 keals. 
Py, =< 380 Py, = 
mm. mm. 


Dissociation, %. 
219 x 1607 102 100 
082 x 19 935 
637 « we 066 x lo™ 26-7 


The values of the percentage dissociation given in Table I! indicate that it might be possible to 
make a direct determination of D(F,) by measuring the temperature coefficient of the equilibrium 
constant for Fy <= 2F. Under certain conditions the dissociation is very marked and should 
be easily measurable, apart, of course, from serious technical difficulties arising from the great 
reactivity of fluorine. 

Bond Dissociation Energies of the Halogens and of Molecules isoelectronic with Fluorine.—The 
old value of D(F,) = 63°5 kcals. leads to a monotonous decrease in the dissociation energy of the 
halogen molecules along the series F, to I,. Within the range of values 37 + 8 kcals. this 
decrease no longer occurs; the dissociation energies show a maximum at chlorine. This feature, 
if it is established, might be understood in the following way. In Mulliken’s terminology, the 
classification of the orbitals of the fourteen electrons, which derive from the outer s and p 
electrons of the two separate halogen atoms, is the same except for a progressive increase in 
principal quantum number from fluorine to iodine. The classification is 


(ww) *(vw)* 
and (w)* electrons are bonding, and the (yo)* and (vn)* electrons are anti- 
bonding. On this basis, a monotonous gradation in dissociation energy might be expected since 
the binding energy of the bonding electrons would decrease with increasing principal quantum 
number and increasing screening power of the inner shells. However, from Ci, to I, an additional 
* Added in oe peers Since this paper was submitted for publication an value for », has 


become availa K, which are about higher chan and. 
consequently, slightly larger values for the dissociation. 


wire 

at 800° in the same apparatus was the thermal conductivity observed which corresponded to 
the expected degree of dissociation. 

Wicke and SchAfer (14) have carried out similar thermal conductivity measurements with 
CIF, using a nickel wire. They have obtained values of the equilibrium constant for 
CIF, ==> CIF + F, which are in agreement with those obtained by other methods. We have 
already referred to their estimate of the heat of this reaction. However, it is important to note 
that in these latter experiments the temperature of the wire did mot exceed 460°. The possibility 
of attack of the wire is clearly very much less in this case. 

We have caleylated the equilibrium constant A, and the percentage dissociation for 
FP, = F + F at various temperatures and two widely different initial fluorine pressures. The 
following well-known expression has been used : 

1 [ 
Il. 
E 97 teak. 
. Absolute mm mm 

4273 

1073 

$73 
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factor can operate. There may be a certain degree of hybridization between p and d orbitals 
of the same principal quantum number in the case of the valence electrons of the separated atoms. 
This would increase the bonding power and decrease the anti-bonding power of these electrons. 
The degree of hybridisation would increase from Cl, to 1,, but, of course, in this sequence other 


We have also considered the possibility of understanding this maximum in the bond 
of this series in terms of resonance between covalent and ionic structures, viz, X : X and X*X~. 
The energy of separation between the covalent and the ionic structures will be markedly larger 
for F, than for the rest of the halogens, on account of the extremely high ionisation potential of 
fluorine. Thus a sequence of increasing values of the ionic resonance energy, together with a 
sequence of decreasing pure covalent-bond energies, might result in a maximum binding energy 
atchlorine. However, it is found that this demands a value for the resonance energy in the case 
of chlorine which is improbably large. 

There is another trend of bond dissociation energies which is of some interest, viz., that in the 
sequence along the first row of the Periodic Table. The data are : 


Dissociation energy, kcals. “ 37 + 8 (63-5) 
« Tahen from she Table given by “ Atomic and Radical Reactions,” New York, 
1900, 4. 188, 207 from nd 101 keals. ; 


It is seen that, with our suggested range for D(F,), the above trend is monotonous, whereas 
this is not the case if D(F,) — 63°5 kcals. We feel that this steady decrease in dissociation 
energy is of more significance that the sequence F, —--> I,, since, as we have already indicated, 
there are grounds for the belief that the F, ——> I, trend should not necessarily be monotonous. 

The thermochemistry of reactions involving fluorine. A change of AD(F,) in the value for the 
dissociation energy of fluorine will produce a change of 4AD(F,) per F atom in Q,, the heat of 
formation of a fluoride from gaseous atoms. Hence, estimates from heats of formation of the 
dissociation energies of single bonds to fluorine atoms will be altered by 4A D(F,); ¢.g., 

D(R-F) = Q,(R-F) — Q,(R) 
This change of 4AD(F,) also applies to estimates of ‘ average bond energies "’ or “ bond energy 
terms’ in a polyatomic molecule. On the other hand, Q; values for fluorides, i.¢., heats of 
formation of the compounds from the elements tn their standard states, are clearly independent of 
D(F,). There are various simple processes of interest, the heats of which are independent of 


changes in D(F,) : 
(1) Fylg) + Hylg) —> 2HP(g) 
(2) RH + F,-—> RF + HF 


(3) RyCHyCH,F —> + HF 
(4) + RF—>R + F- 


A change of AD(F,) in D(F,) produces a change of }AD(F,) in D(RF) and, as will be seen from 
a later section of this paper, an exactly offsetting change in Ey, the electron affinity of a gaseous 
fluorine atom. 
(5) The sodium “ flame” seaction, 
(Na), + (RF), -—> (Na*F-), + Ry 
In contrast to the above examples, in a reaction system which contains fluorine molecules 
any considerations concerning the possible réle played by the dissociation F, ——> 2F will be 
affected by the value of D(F,) adopted. Also the heats of reactions of the type, 
Fy +A—>F +F-A 
in which A is a molecule or radical, will be altered by 44D(F,). Examples of interest are : 
R- + F,—> RF + F 
F, + CHyCHR —> F-CHyCHR— + 


factors supervene and cause an overall decrease in the bond energy from Cl, to 1,. In fluorine, 
however, a different situation may well arise because the atom possesses no d orbitals of the same 
principal quantum number and hence there can be no hybridisation offsetting the anti-bonding 
power of the p electrons. 
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A striking consequence of our conclusion that D(F,) <.45 kcals. is that the value of the 
electron affinity of a gaseous fluorine atom, derived by means of the Born—Haber cycle, is not 
This is discussed fully in the next 


Affinity of on halide MX, the Born-Haber cycle leads 
to the expression - 
~ QUMX), + SQM), + 1M) + D(X, + U, 


in which E, = the electron affinity of the gaseous halogen atom, ()(MX), = the heat of formation 
of crystalline MX from (M), and gaseous X,, S(M), = the heat of sublimation of the alkali metal, 
1(M) the ionisation potential of the alkali-metal atom, 
the halogen molecule, and U, = the lattice energy of crystalline MX. 

Using this method, Sherman (18) found the following electron affinity values : 


F, 98-5; C1, 92-6; Br, 67-1; I, 79-2. 
Mayer and Helmholtz (19), using a different form for the ionic interaction energy, found : 
F, 05-3; Ci, 665; Br, 61-6; 1, 742. 


Both these values for Ey are based on D(F,) = 63°5 kcals. It is clear that values of D(F,) in 
the range 37 + 8 would reduce the above figures by 13°2 + 4 kcals., to values which are less 
than the corresponding chlorine figures. This consequence has already been pointed out by 
Wicke (15), who uses it as an argument against a low value of D(F,). We do not consider the 
argument acceptable. We have first examined the data used in the cycle to see if there are any 
uncertainties which may be sufficiently large to permit the conclusion that E, could be greater 
than Eq, even with a low value for D(F,) in the range suggested above. 

Table LI1 (taken from Rice (20)) is a typical presentation of the data used in the calculation of 
electron affinities. The lattice energies are the values obtained by Huggins (21), who has carried 
out the most comprehensive calculations of these quantities, corrected to room temperature. 
The remaining data are taken from Rossini and Bichowski (13). We have used our suggested 
range for the quantity D(F,). 

The most striking feature of Table III is the relatively small variation in the different E, 


Average E,. E, (exptl.). 


NaF 164 82044 

KC... 106-4 87-14 


23-8 74-6', 72-4! 
76-7 26-9 1180 181 164-4 743 72-6", 76-3! 
743 


* Saha and Tandon, Proc. Nat. Inst. Sei. India, 1937, 3, 287,206. * Mayer and Mitchell, /. Chem. 
Physics, 1940, 8, 85, 282. 1943, 11, 56. lonov, Compt. rend. Acad. 
Ses. 1940, 8B. 512. ardi, Ami R. Accad., Lincei, (vi), 1926,3, 566. Blewett, Physical 
Ree., 48. 900. Glockler and Calvin, Chem, Physics, 10936, 4, 492. * Doty and yer, 
sbid., 1044, 12. 323. ‘ Glockler and Calvin, 1935, 3, 771. 4 Mayer and Sutton, sbid., p. 20. 
1934, 2. 146. ' Ionov, J. Exp. Theor. Phys. U.S.S.R., 1940, 10, 1248. 


Taste Ill, 
8746 390 123-8 23-1 189-9 83-6 86-5° 

NaBr ... 90-6 25-9 1180 23-1 175-9 87-5 
we 198 23.1 161-5 790-0 $i-8 Si 
... 99 6 189 959 23-1 
101-5 23-1 149-6 83-2 83-9 
189 95-9 181 147-9 73-5 
914 18-8 18-1 1424 75-3 
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values for a given halogen, and for Cl, Br, and I the satisfactory agreement between the mean of 
the calculated and experimental values. This indicates that, if there are any uncertainties in 
the data, they cannot be haphazard experimental errors but must have very special regularities 
and more or less cancel out in the case of the Cl, Br, and I cycles. Also in order to offset the 
decrease in E, due to the lower value of D(F,), the errors should combine in such a way that the 
revised E, values, derived from the different alkali-metal cases, are in reasonable agreement. 
For example, the complete neglect of any covalent character in the binding energy of the lattice 
might be considered to introduce errors. 

The quantities /(M) and S(M) are open to little error, particularly the former. Moreover, 
the agreement in the five calculated values of £, for each halogen demands that any errors in one 
or both of the terms /(M) and S(M) would have to be the same for each alkali metal. This can 
be ruled out. Similar considerations apply to Q,(MX) for each alkali-metal halide. Further, 
it should be noted that von Wartenberg (12) and Schmitz and Schumacher (4) have independ- 
agreement with the difference in the values given in Table III, which have been obtained 
separately by indirect methods. It seems extremely unlikely that this agreement would be 
obtained if there were any relatively large errors in the Q, values for alkali-metal fluorides and 
chlorides. 

There remains for consideration the lattice energy term. We have compared the calculated 
values of lattice energies from the following sources: Sherman (18), Mayer and Helmholtz (19), 
Huggins (21), Verwey and de Boer (22), Rice (20), and Slater (23). The underlying principles are 
the same in all cases but the methods vary in the details of the expressions used for the potential 
energy of the ionic crystals. In spite of such differences, the calculated values agree remarkably 
well amongst themselves and with the experimental values available. The largest divergence 
is about 5% in the worst cases but most of the deviations are less than this. What is more 
important for our considerations of Ey relative to E, is that the variations in U,(MF) — U,(MCl), 
with the different methods, are stil! less—on the average 2 kcals., and never greater than 3 kcals. 

This agreement in calculated values for lattice energies can be understood from the following 

considerations. There are two widely used expressions for the potential energy of a 
crystal lattice in terms of attraction- and repulsion-energy terms. Simple forms of these are : 


(2) 


% 


in which A is the Madelung constant, r, is the equilibrium interionic distance between nearest 
neighbours, and » and p are constants. 

The constants » and p may be evaluated by relating d*U,/dV* to the compressibility of the 
crystal. In equations (2) and (3), the magnitudes of » and p are such that the second term is 
relatively small, so that the calculated values of U, are very insensitive to changes in the values 
ofmand». It can be seen that the methods of calculation of U, are all self-compensatory in the 
sense that, if an extra term is added to the potential-energy expression (¢.g., a van der Waals 
attraction term), then the use of the condition (dU /dV),, = 0 and the evaluation of » and p from 
the relation between d*U /dV* and the compressibility will compensate for this new term, through 
an inevitable change in the repulsion term. The critical parameter in these calculations is r,, and 
the values of this are known very accurately for the alkali-metal halides. We are of the opinion 
that, unless the generally accepted principles underlying lattice-energy calculations are 
abandoned for a completely new approach, any serious revision of U, values, particularly of the 
kind which would render E, > Eq, is very 

We consider that this examination of the Born-Haber cycle leads inescapably to the con- 
clusion that if D(F,) lies in the range 37 + 8 keals., the electron affinity of a gaseous fluorine 
atom cannot be greater than, and is very probably less than, that for chlorine. 

The Electron Affinity of Fluorine in Aqueous Solution.—The work of M. G. Evans and 
his collaborators (24) on oxidation-reduction reactions has emphasised the importance of a 
quantity which may be termed the soluticen electron affinity of a radical. This quantity is the 
sum of the electron affinity of the gaseous atom or radical and the heat of solution of the corre- 
sponding negative ion, i2.,E +H, The difference between E + H, values for two radicals may 
be very different from the difference between the electron affinities of the gaseous radicals. For 
example E,, — 40 keals., whereas (E + Hq (E + H,jog kcals. It is of some 


Evans, Warhurst, and Whittle : 


to examine the situation with regard to fluorine. Differences in (£ + H,) values can 
the equations : 
M, + 40%), ME @ 
in which M is an alkali metal, and X and Y are 
molecules in their standard states. Equation (4) — (5) + (6) + (7) gives: 


(Kiet + (Ye ~ — OOTY), — 10/4 


It is clear that the heat of this reaction is the difference in the (E + H,) values for the two 
halogens, i.e, A(E + maxi). These differences have been calculated for the four halogens 
and Bichowski (13) for the alkali-meta! salts. ‘The mene value 


C1/Br. Br/I. 
13-0 16-6 


The F/Cl value is based on D(F,) « 37 + keals. It is seen that + > (E + 
in spite of the fact that E, < Eq. This is clearly because the smaller fluorine ion has a much 
higher heat of solution than the chloride ion. (H,)y — (H,)q is positive and larger in magnitude 
than Ey — Ee, To illustrate this we have calculated 4H, values for the pairs of halogen atoms. 
It can easily be shown that 


— HAY) = (U,(MX), — L(MX),) — (U,(MY). — 


in which L(MX), and L(MY), are the heats of solution of the crystalline alkali-metal halides 
MX and MY. A table of U, and L values is given by Rice (20). Mean values of AH, from the 


Cl/Br. Br/I. 
74 o3 


AH,{F /C)) is seen to be more positive than A(E + H,)(F/C)). 

The lonic Character of Covalent Bonds involving Fluorine Atoms.—The concept of covalent 
bonds with partial ionic character, as developed by Pauling (25), is well known. In many cases it is 
useful to describe the bond between two centres, say A and F, in terms of resonance between two 
structures A:F, in which A and F are linked by a pure covalent bond, and A*F~, in which A and 
F are linked by a pure electrovalency. The alternative ionic structure A~F* can usually be 
neglected from energy considerations. If ¥, and ¢, are the wave functions for the covalent and 
the ionic structures, respectively, then 44, + 4, is an approximation for the wave function for 
the actual state of the molecule AF. The coefficients 4, and a; have values which minimise the 
energy. The percentage ionic character of the bond A-F is usually defined as 100a/. 

lf, at the normal internuclear separation of the bond A-F, the potential energies of the 
actual state of the molecule, the pure covalent structure, and the ionic structure are V,, V,, 
and V,, respectively, then it can be shown that 

R 
ee aes — V,) is the resonance energy relative to the pure covalent structure and 

S=(V¥,— V) is the energy of separation between the pure covalent and the pure 
ionic structures. The potential energies V,, V,, and V; all refer to the zero corresponding to 
dissociation into normal atoms or radicals, A +F. If Vq is the potential energy of the ionic 
structure relative to the zero A’ + then Vi = Vy + 1, — Ey, and S V4 +1, — Ey —V,. 

Consider the effect of a change of AD(F,) in the value for the dissociation of fluorine on the 
percentage ionic character of an A-F bond. If V,, which is negative, is determined from heats 
of formation, then it becomes V,’ = V, — JADIF,). Pauling has suggested the empirical 
arithmetic mean rule for evaluating V,, viz. : 

Ve — + D(F-F)) 


V, is negative, whereas D(A-A) and D(F-F) are usually taken as positive. 
becomes V,' = V,— §4D(F,). We have shown above that this change of 
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data for the alkali-metal halides are : 
AD(F,) alters the 
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electron affinity of fluorine by 44D(F,). Hence becomes = — ,AD(F,). Substituting 
quantities remain unaltered. Hence the percentage ionic character is Previously, 
simple calculations of ionic character on the above lines using D(F,) ~ 63°5 keals, had led to the 
view that the ionic resonance energy and ionic character of H~F and C-F bonds was larger than 
that of the corresponding bonds for the remaining halogens. This view requires no revision if 
D(F,), and consequently Ey, are altered. 

Incidentally, it is of interest to note that the relatively large ionic character of C-F and H-F 
bonds is not due to the higher electron affinity of fluorine. It is mainly due to the internuclear 
separations of these bonds being smaller than those involving the other halogens. This factor 
gives rise to smaller values of S and larger negative values for the so-called resonance integral, 
and hence to larger values of R. If Pauling’s geometric mean rule is adopted for the evaluation 
of V,, then changing D(F,) by AD(F,) alters V, by an amount which is not exactly jAD(F,). 
This causes slight changes in R, S, and 4?. However, these differences are too small to be of 
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significance. 
We have concluded that the existing experimental data indicate strongly that the dissociation 
energy of fluorine and the electron affinity of a gaseous fluorine atom are less than the corre- 
sponding quantities for chlorine. This may, at first sight, appear surprising. It is, therefore, of 
interest to note that there is evidence which points to the existence of the same situation for 
oxygen and sulphur. 

To illustrate this we have collected the relevant data in Table IV. Two sets of data are 
presented for sulphur, since there are two alternative values for D(S,). The column labelled H 


All energies in keals. 
Vales for Hen derived by Banghea, Evens, ond Poleayi (Trans. Faraday Soc., 1941, 87, 377). 


gives data based on D(S,) = 83 kcals. (Herzberg) (26), that labelled G is based on D(S,) = 101 
keals. [Gaydon] (8). Unfortunately, there is no experimental value for D(H~S:) for the HS- 
radical. This quantity is required for the evaluation of Qt(HS*), Eqs, and D(S-S) in H,S,. The 
values for D(H~S-) given in the Table are based on the following considerations. D(H-O-) « 
101 kcals,, which is well established, is about 9 keals. less than the average O-H bond energy in 
H,O, i.¢., Q,(H,O)/2. There is evidence that D(C-N-H) is about 6 kcals, less than Q,(NH,)/3. 
Since sulphur is even less electronegative than nitrogen we have concluded that the difference 
between Q,(H,S)/2 and D(H-S-) will be even less and have taken this difference to be about 
3°5 keals. The values of Ey, have been calculated from the lattice energies of NaHS and KHS 
given by West (27), who obtained a value for Eg, (61 kcals.) very close to those given in the table. 
The value of Egg is the mean of values calculated from the lattice energies of the alkali-metal 
hydroxides given by Goubeau and Klemm (28). These authors give a mean value for Eo, of 48 
keals. The figures given for D(S~S) in S, are obtained from Q,(S,),/8; we consider that the 
dissociation energy of one S~S bond in this ring will certainly be somewhat greater than these 
average values. 

It is seen that, independently of the uncertainty in D(S,), the electron affinity of the HS- 
radical is larger than that of the HO- radical. On the whole, the bond-energy data indicate 
that the dissociation energy of an S-S single bond is probably a little larger than that of an O-O 
single bondi. 

Thus it seems fairly conclusive that the surprising feature of the trends in dissociation energy 
and electron affinity in the halogen series which arises from the acceptance of a low value for 
D(F,) and have sometimes been regarded as evidence against such a value, is not, in fact, unique. 
Similar trends are shown by oxygen and sulphur. 

The authors thank the D.S.1.R. for a grant to one of them (E. Wh.). 
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318. The Constitution of Yohimbine and Related Alkaloids. 
Part IV. A Synthesis of Yohimbone. 
By G, A. Swan. 
A compound having the structure (I; RK «— OMe) has been synthesised by two independent 


methods. By reduction of this with sodium and fert.-butanol in liquid ammonia and treatment 


of the product with acid, followed catalytic b tion, 
obtained. Resolution of this gave a (—)-base, iden with yohimbone 


Ly present paper describes experiments which have been carried out to synthesise yohimbone, 
uer oxidation product of yohimbine (Witkop, Anmnalen, 1943, 554, 83), bearing in mind 
= future extension to the synthesis of yohimbine itself. 


OMe 
(VIIT.) (1™X.) 


The synthesis of (I; R = H) has already heen described (Part I, J., 1946, 617; Part III, 
J. 1949, 1720) and that of (1; R= OMe) is now recorded. Earlier work resulted in the 
preparation of this compound by an extension of the method described for (I) in Part 1; although 
the yield was low, it appeared possible to use a similar route to obtain a product in which ring E 
was hydrogenated. m-Methoxyphenylalanine was condensed with formaldehyde in alkaline 
solution at 37° to give 6-methoxy-1 : 2: 3: 4-tetrahydroisoquinoline-3-carboxylic acid (II; 
R = H) (the strongly acidic conditions used in Part I are unsuitable on account of the possibility 
of hydrolysis of the methoxy! group). The ethyl ester (Il; R = Et) was condensed with 
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2:3: 
; R= CN) which was converted into 
ydros 


ydrogenation 
in tetralin (cf. G.P. 674,400) 
It was hoped that a more convenient synthesis of (1; R — OMe) would be the 
of (1; R= OH), obtained by the condensation of m-hydroxyphenylpyruvic acid with 
, and cyclisation of the product with formaldehyde (Hahn and Hansel, Ber., 1938, 
71, 2194). Unfortunately attempted methylation (¢.g., with diazomethane in ether-methanol 
or ether-~lioxan) gave only traces of the required product. The preparation of m-hydroxy- 
phenylpyruvic acid by Hahn and Werner's method (A #nalen, 1935, 520, 130) gives poor yields; 
by the use of aceturic acid in place of hippuric acid (cf. MacDonald, ]., 1948, 376), e-acetamido- 
m-acetoxycinnamic acid azlactone was obtained in 62% yield, and this was hydrolysed to 
m-hydroxyphenylpyruvic acid in 75% yield. In contrast, for the preparation of m- 
phenylpyruvic acid (see below), the azlactone derived from m-methoxybensaldehyde and 
hippuric acid (Pschorr, Annalen, 1912, 391, 44) wes preferred to «-acetamid thoxy- 
cinnamic acid azlactone, as the latter could be obtained only in low yield by the aceturic acid 
condensation. 
Finally, a convenient synthesis of (1; R = OMe) was found in the condensation of 
m-methoxyphenylpyruvic acid with tryptamine to give 2-m-methoxybenzyl-2 : 3: 4: 5-tetra- 
hydro-$-carboline (V) followed by reaction with formaldehyde in aqueous solution at 40—45°. 


CH, 


(VIL) 


(v.) 


In another possible route to (I; RK = OMe), tryptamine was condensed with 

phthalic anhydride (obtained by the action of acetyl chloride on the acid) to give N-2’-3’’-indolyl- 
ethyl-2-carboxy-5-methoxyphenylacetamide (VI). This was esterified with diazomethane and 
the product treated with phosphoryl! chloride in an attempt to prepare (VII); but only a very 
small amount of what appeared to be the required product was isolated. Further attempts to 
convert (VII) into (I; R — OMe) by reduction first with lithium aluminium hydride, then 
catalytically, were therefore abandoned. 

With a view to the synthesis of derivatives of (I; R = OMe) in which ring E is hydrogenated, 


J. Amer. Chem. Soc., 1932, 54, 1651) at 155—160° and 80 atmospheres. The latter catalyst is 
already known to be preferable to Raney nickel for the hydrogenation of anisole derivatives, as 
it is less liable to cause hydrogenolysis of the ether linkage (Duzee and J. Amer. Chem. 
Soc., 1935, 57, 147). The reduced ester was treated as for the conversion of (II; R = Et) into 
(IV), and gave a gum which was probably a mixture of sterecisomeric forms of (IV) in which the 
benzene ring is hydrogenated ; but no crystalline derivatives could be obtained. 

The hydrogenation of the ketone (IV) has also been investigated. With platinum and acetic 
acid at room temperature and atmospheric pressure, 1 mol. of hydrogen was rapidly absorbed, 
and from the product two crystalline compounds, ‘ base A ’ and ‘ base B,’ were isolated. The 
analytical results agreed with the empirical formula C,,H,,0,N in each case, suggesting that 
CH-OH instead of CO). The same products 


(1950) 1535 

y-bromobutyronitrile to gi 4-tetrahydro:se- 

quinoline-3-carboxylate (III 6-methoxy-2-3’- 

carbethoxypropyl-1 : 2:3: 4 CO,Et). This 

diester was subjected to the Dieckmann reaction, giving 9-keto-2’-methoxy-1 : 4:6: 7:8: 9 

hexahydro-2 : 3-benzpyridocoline (IV), the phenylhydrazone of which underwent the Fischer 

indole reaction giving 3”-methoxy-3: 4: 6: 9-tetrahydro-7 : §-benzindolo(?’ : 3’-1 2)- 

pytidocoline (I; R — OMe). 

carboxylate; but difficulty was experienced in preventing further action on the carbethoxy- . 

group. Hydrogenation could be accomplished in acetic acid solution with platinum at 6 4 

atmospheres’ pressure; or in ethanol with nickel on kieselguhr (Covert, Connor, and Adkins, - 
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were also obtained by the Ponndorf—Meerwein reduction of (IV). The acetylated bases 4 and 
B (prepared by using acetic anhydride) had the empirical formula C,,H,,O,N. Attempts to 
oxidise the bases back to the original ketone by chromic acid, the Oppenauer method (by using 
aluminium phenoxide and cyclohexanone in xylene), or the modification of the latter due to 
Woodward, Wendler, and Brutschy (J. Amer. Chem. Soc., 1945, 67, 1425) failed. 

Finally, a successful synthesis of yohimbone was achieved by the following process in which 
the asymmetric centres are introduced one at a time so that at no stage should more than two 
racemates be produced. The compound (I; R — OMe) was reduced to * base C,’ presumably 
3” -methoxy-3 : 4: 6:0: 1% 4”-hexahydro-7 &-benzindolo-(2’ : 3’-1 : 2)pyridocoline (VIII), by 
the action of sodium and fert.-butanol in liquid ammonia (cf. Birch, /., 1944, 430). When 
* base C ' was treated with aqueous methanolic hydrochloric acid, it yielded ‘ base D,’ together 
with a small amount of ‘ base FE,’ presumably the two racemic forms of (IX). ‘ Base D’ was 
hydrogenated in the presence of Adams's catalyst in glacial acetic acid; the hydrogen uptake 
slowed down after the absorption of 1 mole so the hydrogenation was interrupted, and a keto- 
base, m. p. 266° (decomp.), isolated. This must be the previously unknown (+-)-yohimbone as 
it was resolved through the salt with (—)-camphor-10-sulphonic acid {the (—)-base-(— )-acid 
salt being the less soluble in ethanol) and the resulting (—)-base, m. p. 305—306" (decomp.), 
{a}? — 106°, proved identical with yohimbone obtained from yohimbine by the Oppenauer 
oxidation. No depression of m. p. was observed on admixture of the two bases or of their 


Thus structure (X) for yohimbone is considered to be established synthetically, the only 
uncertain feature being the configurations of the asymmetric centres. This confirms the 
nuclear structure and the position of the hydroxy! group of yohimbine itself. 


EXPERIMENTAL. 


Unless otherwise stated, the light petroleum used had b. p. 3 
Ethyl mixture of ethyl 1; 2: 3: 4-tetrahydrossoq 
(1-2 g.), flowers of sulphur (0-5 g.), and tetralin (4 c.c.) was heated for 4 hours at 160—165°. The cooled 
product was diluted with benzene, and the filtered solution extracted with dilute hydrochloric acid. The 
acid extract was basified (sodium carbonate solution) and extracted with ether, the extract dried (K,CO,). 
the ether removed, and the residue distilled, giving a colourless oil (0-5 g.; b. p. 165-—-170°/2mm.). This 
a crude picrate, m. p. 154-—157°, when recrystallised from ethanol this formed a yellow 


yielded 
m. p. 157° (Found: C, 5-25; H, 3-3 Croll requires C, 50-25; H, 325%). The 


picrate (1 g.) was ground with hydrochloric acid (20%), the resulting picric acid removed by filtration, and 
the filtrate (Na,CO,) and extracted with ether. The extract was dried (K,CO,), the 
ether removed, and the base (0-3 ¢.; b. p. 165-170" /2 mm.) distilled as a colourless oi] which soon set to 
a white solid (after being washed with light petroleum) (0-20 g.; m. p. 40—46") (Found; C, 71-65; H, 
545. CyH,,O,N requires C, 71-65; H, 545%). 

a- Acid Asiactone temperature of a mixture of m-bydroxybenz- 
aldeb (7-15 g.), aceturic acid (8 1 g.), acetic anhydride (23 c.c.), and triethylamine (6-5 c.c.) was raised 
from 15° to 70° during 5 days, then kept at 0° for | day. The resul solid was collected, washed with 
aqueous ethanol, and dried (#85 g.; m. p. 118-120"). Recrystallised twice from ethanol this afforded 
the aslactone as erystals, m. p. 120-121" (Fou C, 62-5; H, 52. C,,H,,O.N,4C,HO 
requires C, 62:7; H, 5-2%). 

Acid. —The azlactone -) was heated under reflux for 24 hours with a 
mixture of concentrated hydrochloric acid (1-1 c.c. water (12 c.c.). The solution was cooled and 
after the addition of aqueous sodium hydrogen sulphite (40%; 6 c.c.) it was extracted with ether, 
strongly acidified (concentrated hydrochloric acid) and evaporated (water-bath) to dryness under reduced 
pressure. The residue was extracted with —— acetate, the extract evaporated, and the resulting yellow 
solid washed with light petroleum, affording the acid (0-5 g.), m. p. 163° (decomp.). 

Acetamido-m-methosycinnamic Acid Aslactone.—(a) A mixture of m-methoxybenzaldehyde 
(Chakravarti aod Nair, Jndian Chem. Soc., 1932, 9, 580) (1-02 g.), aceturic acid (0-59 g.), acetic anhydride 
(1-2 c.c.), and fused sodium acetate (0-3 g.) was heated under reflux for 1 hour, and cooled, and the 
aslactone collected, washed with aqueous ethanol, and dried (0-65 g.; m. p. 99—100°). Recrystallised 
from ethanol this formed yellow crystals, m. p. 103-—104° (Found : C, 6406; H, 58. 
CygH, ,O,N,§C,H,O requires C, 65-0; H, 5-85%) 

(b) temperature of a mixture of m-methoxybenzaldehyde (1-36 ¢.), aceturic acid (1-17 g.), acetic 
anhydride (41 c.c.), and triethylamine (1 c.c.) was raised from 30° to 65° during 5 days, then kept at 
0° for 2 days, giving the crude azlactone, as above (0-5 g.; m. p. 98—101"). 

Ethyl 6-Methowy-1 2: 3: (11; R = 
alanine was prepared by Chakravarti and Rao's method (/., 1938, 172) except that it was purified through 
the copper salt. However, the intermediate N-benzoyl-8-m-methoxyphenylalanine (hor which these 
authors quote m. p. 146") after crystallisation first from methanol then from benzene formed colourless 

tes or prisms, m. p. 129° (Found: C, 682; H, 565. Calc. for C,,H,,O,.N: C, 68-65; H, 5-6%). 

overall yield of m-methoxyphenylaianine from the azlactone was . 

Formalin (7 c.c.; 40 %) was added to a solution of m-methoxyphen (10 g.) in 0-5~x-sodium 
hydroxide solution (100 ¢.c.). The solution was er at room temperature for 4 hours, then heated in a 
water-bath at 37° for 15 hours, evaporated to half of its original me (water-bath ; reduced pressure), 


methiodides 
— 


The distillation (water-bath), the residue was 
dissolved 1m a smal! volume of cold water, and the solution was saturated with sodium carbonate and 
ith ether 


extracted with . The ether was removed from the dried ( extract, and the residue ¢: 

the fractim, b. p. 155-——165"/2 mm. (6-5 g.), being collected. crude picrate, m 183-186", 

42. requires rate was 

treatment Sith cd the with other, her the extract died 
0,), the ether removed residue distilled, giving re viscous Liquid 

Found : C, 66-3; H, 726. C,H, "ON uires C, 66-4 735%). 


6-Methoxy-1 2. 3: 4-tetrahydr as prepared and 


H) —Sodium hydroxide 
.) in The mixture was 
with te acetic 4 , recrystallised from 
it formed colouriess m. p. 302° ( (Pound 620; H, @35. Cale. for 
C, 63-7; H, 63%). Chakravarti and Rao, ett., quote m. p. 263-264" (decomp.) for 
carboxylate (0-6 g.) was deh 
te uct was not distilled, bet was crystallised 
from benszene—light m (yield: 0- -y 102°), when recrystallised this afforded the 
ery prisms, m. p. 108" ‘ound : C, 67-05; H, 6-6. wires C, 
5-6 d from eth bright- m.p.! 82° (Found 
with ethanolic hydrogen chloride for 1f hours (water-bath), the bulk of the ethanol removed by distil. 
lation, the residue dissolved in cold water, the d with sodium carbonate and extracted 
asa b 2mm as bright-yellow crystals, m. 
ah 


—" inoline-3 


extract dried (K,CO,), the ether removed, and the residue distilled (5-2 g.; b. rested wi 
On redistillation this yielded the miirile as a pale-yellow, viscous liquid, b. p. 210° mm. (F 
H, 7-1. Cy, »N, requires C, 67-6; H, 7-26 


Methoxy-2-9" 2:3: | (I (iil; 

~--The nitrile (III; 


yee viscous liquid (4-8 g.; b. p. 200°/2 mm.) (Found : 
requires C, 65-3; H, 7-76 


CO,Et) (4-8 g.) was the Ineckmann reaction as described See 
by heat: of the mixture on the water-bath @ hours with hydrochloric acid (190 cc. 1 The 


dried ( ether extract d after evap 
email volame, decanted from a little gummy material, and allowed to cool, the crude ketone 


m. p. | 110—115") Recrystallisation, first from ether, then from benzene 


pe tes (0-5 p. 123——124° (Found ; C, 72-1; H, 7-36. C,H 
requires C, 72-7; H, 7-40%). the hydrochloride. ated from methanol-acetone as low tablets, 
m. p. 196-—~196° (Found ; C, 62-1; He: 63. 62-8; H, 67%). oxime was 
b h 


rated from methanol as almost colourless prisms, m. p. 223—-224° (Found : C, 68-45; H, 
. requires C, 68-3; H,7-3%). The: ihydrazone was by heating a solution 


Sun (charcoal) it separated as 88—90° after sintering 
at 75° (Found: C, 70-8; H, 7-65. uires C, ec, ). 


hydrogen being absorbed during 
(water-bath; reduced p dissolved in water and basified (N the solution 
extracted with 


the extract drsed the chloroform distilled off, and the residue crystal- 
lised from methanol, gi as Ape (0-225 g.; m. p. 161-166"); on concentration the mother-liquors 


These two solide were combined (‘crude A‘). The 
was distilled off ss and the residue recrystallised from benzene—light 
‘crude B’ B . p. 122-—1 . A* was first from 


giving O23 g.. m. p. 166--166") aad finally benzene, yielding A’ as colourless 
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acidified (C the addition of concentrated hydrochloric acid (about 7 cc.) and then evaporated 

addition aod distillation of a little absolute ethanol. The residue was treated with absolute et 

c.c.), and the cooled mixture saturated with dry hydrogen chiorde and heated under reflux (water - 
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m. p. 166° (Found: C, 72-2; H, #2. C,,H,,O,N requires C, 72-1; H, 86-15%). 
‘base ena.) end wae warmed on the water-bath for 36 minutes, cooled, treated 
with water, and basified (NH,OH), and the reew 
recrystallised from from bensene-light petroleum, affording 
118% (Found: C, 60-75; H, 7-56. requires C, 69-8; H, 
(20 mg.) and of picric acid (30 mg.) in im ethanol were anh diated with 
ether +4 was recrystallised from a small volume of ethanol, gives ‘ base A ate’ as 
mg.). m. p. after sin at (Found: C, 52 H, &2. 
requires 51-06; H, 48%). ‘Crade was twice from’ benzene- 
ight petroleum giving base base B’ as colourless m. p. 136—140" (Found: C, 71-0; H, 8-35. 
H ,,O.N requires ( 21; H, 615%). This (22 mg.) was acetylated as for ‘ base A ‘ and the product 
pa extraction with ether. removing the ether from the dried ( -O,) extract and recrys 
the residue from light petroleum (b. p. 40—.60°), lated base as colourless 
tduction of the Ketone (1V) the Poundonf-M Methed.—The ketone 
— 
volume, 7 c.c.). 


resulting solid was recrystallised first from methanol and finally from benzene—light ge ee giving a 
uct (40 mg.), m. p. 1656-—166" not de by admixture with ‘base A." The methanol mother- 
wors On evaporation gave a residue which when recrystallised twice from benzene—light petroleum 

& product, m. p. 138—140° not depressed by admixture with ‘base B.’ 
2-m-Methowybenzyl-2 4: 5-tetrahydro-B ime (V).—Solutiong of m-methoxyphenylpyruvic 
acid (2-6 g.) in water (00 c.c. "Liner the .) in water (30 c.c.) were mixed and 
pe being cooled, the resulting solid was collected, washed with 
water, .). allised from 95% ethanol, this afforded the hydrochloride as 
colourless crystals ( ci, m. * (decomp.). A portion was shaken with a mixture of dilute sodium 
hydroxide solution ond ether vatil solution was complete, the ethanol layer was dried (K,CO,) and 

and the residue was recrystallised from benzene-light the base as colourless 

. p. 124° (Found C, 78-6; H, 68. CigH requires C, 781 %). 
-methoxy-1 : 4:6: 7: 8: ®-hexahydro-2 : 3-benzpynidocoline (0-5 g.) was 
added to ice-cooled absolute ethanol (15 c.c.), previously saturated with hydrogen chloride. After | hour 
at O°, the mixture was heated under reflux for 7 hours on the water-bath, the bulk of the ethanol removed 
by distillation, and the residue treated with water. The hydrochloride (0-3 g.) was collected, washed 
with water, and shaken vigorously with a mixture of dilute sodium hydroxide solution and ether until 
all was dissolved. The ethanol layer =o K,CO,), the ether removed, and the residue recrystallised 


from benzene-light petroleum (charcoal), aff the base as colourless (0- 0-2 4), m. 168° after 


sintering at 150” (Found, material dried for 1 hour at 100°/1 mm. 
requires C, 78-95; H, 6-6 

(b) 2-m-Methox 9: 4: ro-B-carboline hydrochloride (2-45 g-) was dissolved in 
boiling water (1, ms c.c.), the solution o to 40° and treated with formalin (36-5 c.c. 3 on. The 
solution was kept at 40— 45" for 3 da fied (40% sod hydroxide solution), and cooled , and the 
resulting white meg ater collected, wi can water, dried in a vacuum desiccator, and recrystallised first 
from a small volume of benzene (charcoal), then from benzene-light petroleum, giving the base (1-15 g.) 
as colourless oo? m. p. 169° — sintering at 150° (Found, in material dried for 1 hour at 100°/1 mm. : 
C, 72; H, 675. me ON, requires C, 78-95; H, 6-6%). Mixed m. p., with product from (a), 169°. 

5-Methory An .—&-Methoxyhomophthalic acid (Chakravarti and Swaminathan, 

Indian Chem. Soc., 1934, rs 101) (1-4 g.) was hea under reflux for 2 hours with acety! chloride 

(i c.c,), the mixture evaporated to dryness (water bath; reduced re), and the residue recrystallised 

rom bensene (charcoal), giving the anhydride (1-1 ¢ ) as creamy white plates, m. p. 171° (Found : C, 62-6; 
H, H,O, requires C, 62-5; H, 415%). 

(V1).—A solution of tryptamine (1-06 g.) in 

= ~~ aieniies (25 c.c.) was added to one of the above anhydride (1-25 ¢.) in chloroform (46 c.c.). 

mixture was heated under reflux for § hours, concentrated to 25 ¢.c., and allowed to cool. The acid 

was collected, washed with chloroform, and dried (2 g.; m. p. 169-~170°); recrystallised from methanol, 

colourless crystals, m. p. 170—171° (Pound: C, 676; H, 60. requires 

2 

Attempted Synthesis of the Hexahydro- Derivative of (1V).-—-Ethy! 6-methoxy-| ; 2: 3: 4-tetrahydrotso- 
quinoline-3-carboxylate (4:76 g.) in ethanol (100 c.c.) was hydrogenated for 71 hours at 155—160° in the 
presence of freshly reduced nickel-kieseiguhr catalyst (0-95 g.), the initial hydrogen pressure being 80 
atmospheres at room temperature. The ethanol was removed from the filtered solution, and the residue 
distilled at 2 mm. pressure giving (a) a liquid (0-45 g.), b. p. 137-150" ; a 3 b. p. 150-—157° 
(mainly 155") (Found : C, 67-7; H, #7 Crates requires C, 64- 15; ‘hen treated with 

-bromobutyronitrile as described for the ration of (IIL; = CN), ry a gum (1-72 g.), b. p. 
/2mm. On treatment with ethanolic chloride, this gave another gum, which was subjected 
to the Dieckmann reaction, giving, after distillation, a red gum (0-27 g.) (Found: C, 7140; 8-8. 
CyHyO N requires C, 700; H, 97%). Attempts to prepare a crystalline oxime or semicarbazone 
from this failed; and no crystalline picrate could be obtained from this or from the intermediate 
products 

When the hydrogenation was carried out at higher temperatures, the reduced ester had a lower b. p., 
and the (C, 70; H, 10%) indicated that extensive hydrogenation and/or hydrogenolysis had 
vecurred. ydrogenation at atmospheric pressure of the ester (1 g.) in acetic acid in the presence of | 


Crete ON, 


treated with water and sodium hydroxide solution and extracted with chloroform, the extract dried 
(K,CO,), and the solvent removed, leaving an oil which soon solidified. A benzene solution of the 
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of 3°-M 54:6: 7: B-benzindolo(?’ : 3-1; 2 ~The base 


1-2 g.) was dissolved in pqumnen De ¢.c.) comtained im an up Dewar vessel. Sodium 


, cooled, 
and the precipitate collected, washed with water, 
the base (0-36 recrystallised from 
methanol the (+ )-yohtmbone formed long rless needles, m. p darkening 
and at 263° (Pound : Cc, H, C, 77-65 7-5%) 


320° (Found : C, 87-8; Can 

(Found : C, juires 4%). 
Joma 


Resolution of ( tion of the (+)-tartrate gave little resolution. 
The (+) - lised 


solid (0-8 was recrystallised 
solution in hot water was hydroxide solution), the 
305—306° (decomp.) after darkening at , not depressed admixture with natural yohimbone of 
m. p. 304—305° (decomp.) (Found : requires C, 77-55; H, 75%). It had 
1371" (in tine, 9.506, 1, 66, itkop, loc. cét., gives and 
— 105-8" for ¢, 0-565 0 cote of (25 
A Witkop tor that of ‘had m. (Witkop gives 171"). For 

ide Witkop gives m. p. 200 p- (decomp.) ; when prepared as he describes, 
eae. it was found to have Stun ay of the synthetic ( —)-base had 


an 


Some of the earlier experiments described in this paper were commenced during the tenure of 
L.C.1, Fellowship ; The author also 
F.R.S., for his interest and Dr. R. Raper for a gift of (—)-camphor- 

phonic 


Unrvexstry of Dunnam, Kino's 
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319. The Constitution of Yohimbine and Related Aikaloids. 
Part V. Some Attempts to synthesise Sempervirine. 
By G. A. Swan. 


Tae synthesis of 3: 4-dihydro-7 : 8-benzindolo(2’ ;: 3’-1 ; 2)pyridocoline, not identical with 
sempervirine, was described in Part III (/., 1949, 1720). 


Experiments were then initiated towards the synthesis of (1), which appeared to be the most 


ided dropwise until the solution was colourless. The solution was then poured into a beaker, the 
ammonia allowed to evaporate, and the residue treated with ice and water. The resulting solid was 
collected, washed with water, and dried in a vacuum desiccator; it (1-405 g.) had m. p. 170-183". 
Recrystallised from benzene, this gave 183-—184° 
hry , in material dried at 100°/1 mm. for § hour: C, 78-6; H, 73. C,,H,,ON, requires C, 78-45; H, 
on the water-bath for 1} hours, and diluted not water GS oo) The bulk of the methanol was 
removed Ld distillation from the water-bath, and the residue was (2~-sodium hydroxide solution) 
and ¢ ; the resulting solid was washed with water and dried in a vacuum desiccator (0-88 g.). 
Recrystallised four times from methanol this 
requires C, 78-05; H, 665%). Light absorption in 

tion q m. p. 

C, 77-85; H, 6-86. CyH pee, 78-05; H, 665%). 4 
(+)- Yohimbonse.—* Base D' (0-469 g.) in glacial acetic acid (15 c.c.) was Sy py at room 
temperature and pressure in the presence of py 4 reduced Adams's catalyst mg.), and the 
hydrogenation was interrupted after the uptake of | mole of hydrogen in 38 minutes. The solvent was 
i not melt below 
= = jution was therefore 
carried out as follows 4 solution of (4-)-yohimbone (0-77 g.) in hot ethanol was treated with one of 
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likely structure for the salts of sempervirine. A short time later, Dr. T. S. Stevens kindly sent 
the author a copy, before publication, of a communication (Bentley and Stevens, Nature, 1949, 


(1) 


164, 141) in which structure (1) was suggested and supported perimen , . 
the communications of Woodward and Witkop (/. Amer. Chem. Soc., 1949, 71, 379), putting 
forward the same structure and of Woodward and McLamore (ibid., p. 379) describing the 
synthesis of sempervirine methosalts, came to hand. The synthesis of (I) by a number of 
possible routes has been investigated ; but all proved unpromising and were abandoned, although 
the positive results obtained are recorded in this paper. 

Kon and Nanji (J., 1932, 2426) found that 3: 4:5: 6-tetrahydrohomophthalic acid 
(2-carboxy-!-cyclohexenylacetic acid) was unaffected by acetyl chioride even in a sealed tube ; 
but that with acetic anhydride it gave an impure, coloured liquid, believed to consist mainly of 
the hydroxy-anhydride. Repetition of this work showed that the action of acetyl chloride for 
30 minutes on the water-bath gave (in good yield) a pale yellow liquid which appeared to be the 
anhydride; whilst the action of acetic anhydride gave a small amount of this, together with a 
neutral compound, C,,H,,©,, crystallising in colourless needles, m. p. 147—-148°, which has not 
been further investigated. The anhydride was treated with tryptamine, and the acidic product 
treated first with diazomethane, then with phosphoryl chloride, in the hope of obtaining (II) ; 
but the only product isolated formed bright yellow needles, m. p. 262°, and contained chlorine. 
The neutral N-(3’-indolyl-2-ethyl)-3 : 4: 5: 6-tetrahydrohomophthalimide simultaneously pro- 
duced in the reaction between the anhydride and tryptamine also failed to give (II) on treatment 
with phosphory! chloride. 

In model experiments, attempts were made to prepare (III; X < I) in the hope that it would 
undergo cyclisation and dehydrogenation to give (IV). 2-Hydroxymethyleyclohexanone was 
prepared essentially by Décombe's method (Compt. rend., 1941, 213, 579); but its b. p. was 
found to differ widely from that recorded. Attempts to convert this alcohol into the corre- 
sponding bromide and to quaternise this with 2-picoline to give (IIT) were not promising, nor was 
a similar approach by the action of paraformaldehyde and hydrochloric acid on cyclohexanone 
(ef, Sorkin and Hinden, Hele. Chim. Acta, 1949, 32, 63). 

By the action of phosphoryl chloride, 3-2’-(chloroacetamido)ethylindole was cyclised to 
2-chloromethy!-4 5-dihydro-6-carboline hydrochloride, which reacted with potassium cyanide 
to give 2-cyanomethy!-4 ; 5-dihydro-6-carboline; but attempts to dehydrogenate this to 
2-cyanomethyl-6-carboline were unsuccessful. The condensation of ethyl cyanoacetate with 
tryptamine gave 3-2’-(cyanoacetamido)ethylindole ; but the cyclisation of this by phosphoryl 
chloride gave only a very low yield of 2-cyanomethyl-4 : 5-dihydro-$-carboline. 

The preparation of 2-keto-l-nitromethyleyclohexanol is described in the experimental 
section. 

In Part III it was suggested, on the evidence of ultra-violet absorption spectra, that the 
action of light on a solution of 3: 4-dihydro-7 ; 8-benzindolo(2’ ; 3’-1 : 2)pyridocoline involves 


‘ald 


(Vv) 


conversion into a product of the type (V). Edwards and Marion (/. Amer. Chem. Soc., 1949, 71, 
1604) have also described the synthesis of the base (the m. p. of their compound is different 
from that recorded in Part II, but it depends on the rate of heating}, and have isolated the 
irradiation product, the hydrochloride of which they formulate as (V1; X = Cl), the analytical 
results being in agreement with the formula C,,H,,ON,CILH,O. However, we find that when 
the irradiation product is dried at 100°/1 mm., it analyses as C,,H,,N,Cl and appears to be 


ii i cH, } 
Ox 
O 
(11) (11) 
(Y-7 ) 
of \ ANY X- 
SY) 
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identical with 3 : 4-dihydro-7 : 8-benzindolo(2?’ : 3’-1 : 2)pyridicolinium chloride (V; X = Ci), 
X = Cl) in Part 
EXPERIMENTAL. 
(All m. p.s are uncorrected.) 

The Action of Acetic Anhydride -l-cyclohesenylacetic Acid.—The acid (Kon and N 
Chem. Ber., 1948 270) (0-43 g ) was heated under reflux for 3 hours 
acetic anhydride (2 c.c.), and the oct at 1 mm., viscous yellow 
of] (0-18 ¢.; b. p. 150—160") and (5) an extre 0-25 b. p. about 160°). The 
from and the solution ated wit ight petroleum. 


he Action of Acetyl C on 2-Carbory lohexenylacetic Acid.—The acid (2-4 g.) was heated 
Acton of Corde on Aid ac giving the 
requires C, 65-1; was reconverted the original acid by being boiled s sodium 
the A ide with Tryptamime and Cyclisati solution 
of tryptamine (1-46 g.) in (1-62 g.) ia 


chloroform (10 c.c.), and t mixture heated under reflux for 7 hours on the water- te RW. 
was cooled in ice, and extracted three times with 2n-sodium b the 
layer was extracted with ether, and then acidified (concentra’ — rochloric acid) with ice-cooling ao 
precipitated gum was dissolved in chioroform, the extract (Na,SO,), the solvent removed, 
the residue dissolved in methanol, and the solution cooled in ice and treated with excess of an ethereal 
solution of diazomethane. ator giving gre jut d to 


and the residue kept 
overnight :n a vacuum desiccator, gi sticky mase {1-4 .). This was heated for 35 minutes 
under reflux in a current of nitrogen with I chloride (21 c.c.), the solution evaporated to dryness 


(water-bath ; reduced pressure), and the ue cooled and stirred with water, dilute sodium hydroxide 
solution being gradually added until the solution wasalkaline. The resulting solid was collected, washed 
with water, dred in a vacuum desiccator, and extracted with chloroform in a Soxhlet apparatus. During 
the first few minutes of the extraction, @ good deal of dark brown material was extracted , this was 
rejected and the extraction continued. Sawn, and the 
and recrystallised from methanol (charcoal), 

61-65; H, 6-0; N, 7-956%). 

From the neutral maternal condensation N-(3’-sndolyl-2 3. 
tetrahydrohomophthalimide could be pathy could also be by heating u a Ma 
cooling, the sticky solid was collected, washed benzene, and from chloroform, 
or acetone, giving the imide (0-25 g.) as colourless needles, m. p. 231° (Found: C, 74-2; H,67; N, 
96. C,sH,O,N, requires C, 74-0; H, 65; N, 91%) 

2-Hydroxymethyicyclohexanone. —A mixture of cyclohexanone (50 ¢.c.), water (100c.c.), and potassium 
carbonate (1 g.) was stirred vigorously at 30-35", while formalin (75c.c.; 40%) was added during | hour, 


after which sti was continued for a further 1 hour. The cooled mixture was extracted with ether, 
and the extract 4 (K,CO,) and distilled, (6) a mobile, colourless 
liquid, b. p. 112-—126°/12 mm. (8 g.); and (c) a viscous, colourless . 126-175" /12 mm. (6 
Redistilled, the ketone (b) (6-8 g. ha 


b. of 110°/11 mm. 55. CoH — 
C, 65-6; H, 96%): [The yellow prisms, m. 127—128°, from met 
2-Chloromethyl-4 H mit mixture of 3-2" 


indole (von Braun, Bahn, and Minch, Ber., 1929, 68, 2766) (0-53 g.), and 
chioride (0-75 c.c.) was heated under reftux in a current of ni for | hour, cooled, and treated 
light petroleum (b. p. 40-60"). The solvents were decanted the residual gum, which was then 


treated with warm water. The cooled, aqueous solution was extracted with t, filtered, basified 

(ammonia solution), and extracted with ether. The latter ether extract was filtered and stirred with a 

t excess of concentrated hydrochloric acid. The ether was decanted from the precipitated yellow 

id, which was stirred with acetone, 
then had m. p. 225° (decomp.). 


shining, dark, 290" (decomp) (Found : H, 65. 
-Cyanomethyi-4 : B-carboline solution of the h pr Agel | 
After being cooled 


was treated with one of potassium cyanide (0-15 LD yet ¢.c.). 
gum washed with water, and heated under reflux on 


the water-bath for 15 minutes with a solution of potassium cyanide (0-26 g_) in water water (0-7 c.c.) and ethanol 
(lc.c.). Part of the ethanol was removed by distillation, the solution was cooled Conant brown 
part being fected) ueous methanol first 
to ving t as a yellowish buff powder mg.), m. 
3-2"-(Cy ‘A mixture of ethyl cyanoacetate (0-83 g.) and tryptamine (0-45 +s} 
ny The uct was stirred with hydrochloric acid 


cooled, whereupon it solidified; the resulting was collected, washed with water, and rec 


rystallised 
from aqueous methanol (charcoal), the amide as almost colourless plates (0-49 g.), m. p. 92—93° 
(Found : C, 68-6; H,69. C,H Tequires C, 68-7; H, 56-75%). 
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2- K eto-| -witromethylcyclok of 2-7 c.c.) and eyelohexane-! : 2-dione 
Davis, “ind Godda, Org. 947, 18, 122) (6 ¢.) was in ice and treated with piperidine 
3c.c.) fer 3 aye at font tomperatare , the mixture was dissolved in chloroform, and the solution 
with dilute hydrochloric acid and sodium hydrogen drogen carbonate o~—y and dried (Na,SO,). 


The solvent was removed and the residue treated 
solid wee collected and washed wi with light petroleum, the crude oduct (2 g.; 


m. tes, m. mm. 


). 
The Oxidation Product o 8-bensindolo (2 
ond method und tot hours at 100°/1 (Found : 
C, 743; H, 64. Cale. forC,,H,,N,Cl: C, 744; H, 49%). 
The author thanks Professor G. R. Clemo, F.R.S., for his interest. 
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320. Cyclic Meso-ionic Compounds. Part III. Further Properties 
of the Sydnones and the Mechanism of their Formation. 
By Wusow Baker, W. D. and V. D. Poors. 


Some substituted NC-diarylsydnones have been for dipole-moment aetna. 
and the direct nitration of N-phenylsydnone in the lic nucleus has been achieved 
When heated with benzylamine the sydnones are ameutlt y converted into the benzylamides 
of N-substituted N-nitrosoglycines (IV); reaction does not occur with aniline. 
The usual method of tion of a sydnone, ¢.g., N-phenylsydnone, by heating N-nitroso- 
R= R’ «= H) with acetic anhydride has been shown to proceed via 
anhydride (VIII) of acetic acid and N-nitroso-N -phenyiglycine. This anhydride 
(VIII) has been prepared from acety! chloride and the m salt of N-nitroso-N- 
een deel it passes slowly into \-phen none with of acetic acid when kept at 
room temperature, but rapidly when heated acid chloride of N-nitroso-N ighyci 
is even more reactive and cannot be isolated, since it immediately into N-phen) suadeane 
with loss of hydrogen chloride. The mechanisms of these reactions and their cance in 
connection with the formation of oxazolones from a-acylamido-acids is disc . Reaction 
of trifluoroacetic anhydride with N-nitroso-N-phenyiglycine results in the immediate 


formation of N-phenylsydnone 
Suggestions governing the use of t ¢ term meso-ionic are made, and a note on the resonance 
of meso-ionic ¢ nds is given. Unsuccessful attempts have been made to prepare 


meso-ionic compounds of the type (XXIV). 


Tus properties of the sydnones, prepared by dehydration of N-nitroso-N-aryl(or -alkyl)- 
glycines (1), were interpreted in Part I of this series (Baker, Ollis, and Poole, ]., 1949, 307) on 
the basis of a five-membered cyclic structure (II) which could not be represented, even 
approximately, by any conventional covalent formula. It was shown that the sydnones must 
be regarded as possessing a single hybrid structure of aromatic type, derived from a number of 
contributing forms all of dipolar (zwitterionic) or polypolar nature. Such compounds were 
termed meso-ionic, and the symbol + was used, as in (II), to indicate this hybrid character. 
This view of the structure of the sydnones was strongly supported in Part II (Hill and Sutton, 
J., 1949, 746) by a study of their dipole moments. 


R 


Several new NC-diarylsydnones have been prepared for further dipole-moment investigation. 
a-Halogeno-phenylacety! chlorides, prepared either by the action of phosphorus pentachloride 
on a mandelic acid or by bromination of a phenylacety! chloride, were converted via the methyl 
a-halogeno-phenylacetates into the methyl a-arylamino-phenylacetates by reaction with 
aniline, p-toluidine, or p-chloroaniline, and then hydrolysed to the a-arylamino-phenylacetic 
acids. Nitrosation then yielded the N-nitroso-N-arylamino-phenylacetic acids (I; R and R’ = 
aryl groups), which were then dehydrated with acetic anhydride to the NC-diary 

(11; Rand R° = ary! groups), The following sydnones were prepared in this way : N-phenyl- 
C-p-chlorophenylsydnone (II; R «= Pb, R’ = p-C,H,Cl); NC-di-p-chlorophenylsydnone (II; 
R = R’ = p-C,H,Cl); N-phenyl-C-p-tolylsydnone (Il; R = Ph, R’ = p-C,H,Me); NC-di-p- 
tolylsydnone (11; RK « R’ = p-C,H,Me). These NC-liarylsydnones fluoresce in ultra-violet 
light, which indicates a certain degree of conjugation throughout the whole molecule. 
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Of interest to the general question of the structure of the sydnones is the observation 
that N-nitroso-$-anilinopropionic acid (III) is not dehydrated by acetic anhydride. If the 


qu) Ph avy 


sydnones were correctly represented by the bicyclic structure originally proposed (Earl and 
Mackney. /., 1935, 890; Earl and Eade, /., 1046, 591), then N-nitroso-$-anilinopropionic acid 
(III) should, when dehydrated, give a bicyclic structure containing a bridged 6-membered 
heterocyclic ring. On the basis of a meso-ionic structure for the sydnones, (III) is incapable of 
dehydration to such a compound, as the presence of the methylene group in the 6-membered 
ting would prevent the possession of a similar cyclic, electronic system. 

The direct chlorination of N-phenylsydnone in acetic acid to give C-chloro-N-phenylsydnone 
has been described by Eade and Earl, but we find that the reaction proceeds more 
im acetic anhydride at 0°. N-p-Chlorophenylsyd is similarly halogenated to C-chloro-N-p- 
chlorophenylsydnone. It has also been found possible to nitrate N-phenylsydnone in 
concentrated sulphuric acid at — 10° to give C-nitro-N-phenylsydnone, but attempts to reduce 
this to the amine have not succeeded. The position of the nitro-group follows from the fact 
that the substance differs from the known N-o-, N-m-, and N-p-nitrophenylsyd (Eade and 
Earl, joc. cit.). C-Bromo-N-phenylsydnone could not be made to yield a Grignard reagent, 
and it was unaffected by refluxing with sodium in benzene or dioxan. The persistent non- 
teactivity of the benzene nucleus in N-arylsydnones is further proof of the fact, already 
discussed in Part I, that the nitrogen atom to which it is attached bears a large fractional 
positive charge and is certainly not tervalent and neutral. 

Reaction of the Sydnones with Benzylamine.—-When sydnones are heated with benzylamine at 
120—130° they yield the benzylamides of N-nitroso-N-aryl(or -alkyl)glycines (IV). Thus 
N-phenylsydnone, N-benzylsydnone, N-cyclohexylsyd , and NC-diphenylsydnone yield the 
benzylamides (IV; R’ = H, R= Ph, CH,Ph, and cyclohexyl, respectively). The benzyl- 
amide (IV; R’ =H, K-= Ph) of N-nitroso-N-phenyiglycine was also prepared by the 
nitrosation of the benzylamide of N-phenyiglycine. This reaction of sydnones with benzylamine 
does not occur when the reactants are refluxed in benzene solution, and no reaction occurs when 
a sydnone is heated with aniline at 125°. The “ lactone” group in the sydnone molecule is 
therefore much less reactive than a normal lactone, and this is consistent with the meso-ionic 
structure which does not permit the normal cationoid properties to be exhibited by the lactonic 
carbonyl group (see the contributors to the hybrid structure set out in Part I). 

Mechanism of Sydnone Formation.—No satisfactory explanation has yet been given of the 
mechanism of the formation of sydnones from N-nitroso-N-aryl- or -alkyl-glycines (I). By 
analogy with the formally related y-keto-acids, the reaction might proceed via a hydroxy- 
lactone-like intermediate (V) (cf. Earl and Mackney, J., 1935, 899). The y-keto-acids are, 
however, converted by acetic anhydride into the y-acetoxy-lactones, and (V), if formed, might 
therefore be expected to yield its O-acetyl derivative rather than to undergo dehydration to a 
sydnone, A second possibility discussed by Earl (Nature, 1946, 158, 909) is that the nitroso- 
acid (I) might undergo dehydration to a nitroso-keten (V1) with subsequent addition of the 
nitroso-oxygen atom to the carbonyl-carbon atom, by analogy with one mode of addition of a 
nitroso-compound to a keten to give a 4-membered lactone as, for example, in the case of the 
formation of the compound (VII) (Staudinger and Jelagin, Ber., 1911, 44, 365). There is, 
however, no evidence of the formation of ketens by the dehydration of carboxylic acids with 
acetic anhydride, and the fact that the sydnones may be prepared from the N-nitrosoglycines (I) 


by reaction with acetic anhydride in the cold makes it extremely unlikely that the keten (VI) 
is an intermediate. 
HR’ k'=CO =CO 
HO-N N=O0 Ph:N=O0 Ph: 
(v.) (V1) 

Some light was thrown on the mechanism of sydnone formation by the observation that 
N-phenylsydnone may be prepared by the action of acetic anhydride on the potassium salt of 
N-nitroso-N-phenylglycine. Owing to the insolubility of the potassium salt the reaction 
proceeds more slowly than with the free acid, but dissolution and sydnone formation take 
place rapidly if one equivalent of acetyl chloride is added. The reaction of the potassium salt 
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with acetyl chloride could scarcely proceed otherwise than by formation of the mixed anhydride 
(VIII) of N-nitroso-N-phenylglycine and acetic acid, and this will almost certainly be formed 
also by the action of acetic anhydride on the free nitroso-acid. In (VIII), as in other anhydrides, 
one or other of the carbonyl groups may behave like a normal ketonic group rather than like a 
carboxylic-carbonyl group, because the bridge oxygen atom cannot effectively neutralise the 
cationoid character of both carbonyl groups simultaneously (cf. the reactivity of a methyl group 
in acetic anhydride in the Perkin reaction, the carbonyl reactivity in phthalic anhydride, etc.). 
The glycine carbonyl group may, therefore, in the mixed anhydride (VIII) develop much 
stronger cationoid properties than in the free acid (or in the salt) so that attack by the anionoid 
nitroso-oxygen atom becomes possible (see VIII). These changes lead to (IX) which by a 
natural process loses an acetate anion, and probably undergoes shift of the positive charge to 
give the cation (X). This, in turn, by the normal electronic movements shown, passes by loss 
of a proton (a process analogous to enolisation) into one of the more important contributors (XI) 
(see dipole moment evidence in Part II; Hill and Sutton, /., 1949, 746) to the hybrid sydnone 
structure. The overall change involves loss of acetic acid from (VIII), and the final distribution 
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any structure containing the same heterocyclic ring. The alternative cyclisation involving the 
other carbony! group is much less likely as it would lead to the formation of a seven-membered 
ring, and this could not in any case yield a sydnone by loss of acetic acid. 

Evidence that the usual method of sydnone formation proceeds as just described is provided 


by the properties of the mixed anhydride (VIII). This substance was obtained by treating a 
suspension of the potassium salt of N-nitroso-N-phenylglycine in benzene with rather less than 
one equivalent of acetyl chloride, and was isolated from the filtrate as a low-melting unstable 
solid. At room temperature the anhydride (VIII) loses acetic acid and passes into the much 
higher-melting sydnone during the course of five days; the change also occurs, giving very high 
yields, in hot benzene, and is almost quantitative when the solid is kept under diminished 
pressure over potassium hydroxide at room temperature. The anhydride (VIII) clearly behaves 
as a true intermediate. 

These experiments and considerations suggested a new method by which sydnones might be 
prepared. The very great chemical activity exhibited by the acid chlorides may be ascribed to 
the abnormally high degree of cationoid character possessed by the carbon atom, which may 
exceed even that in an aldehyde or ketone owing to the strong inductive effect of the chlorine 


atom, band. Hence the acid chloride (XII) of N-nitroso-N-phenylglycine should 


even more ready transformation into N-phenylsydnone than the mixed anhydride (VIII); the 
same series of changes as (VIII) to (X1) would occur, but in this case the reaction would proceed 
with loss of hydrogen chloride. There is, however, one complicating factor, namely, that 
N-phenylsydnone readily reacts with hydrogen chloride in a vanety of solvents to give coloured 
decomposition products, Nevertheless, reaction of N-nitroso-N-phenylglycine in cold ethereal 
solution with thionyl chloride gave extremely rapidly, if not immediately, a 28% yield of 
N-phenylsydnone, and in dioxan, in presence of three equivalents of pyridine to react with the 
hydrogen chloride, a 75% yield of the sydnone was obtained. It seems likely that the acid 
chloride (XII) passes spontaneously at room temperature into N-phenylsydnone. This new 
method of sydnone formation possesses advantages over the usual much slower dehydration of 
the N-nitroso-N-arylglycines with acetic anhydride. 

A very close parallel may be drawn between the formation of sydnones and the preparation 
of 2-substituted oxazol-5-ones (XV) by the action of acetic anhydride on a-acylamido-acids. 
The latter must now be regarded as occurring via the mixed anhydride (XIII), in which the 
electronic changes shown in (XIII) and (XIV) lead to the loss of acetic acid and the formation 
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of the oxazolone (XV). The parallel extends also to the spontaneous conversion of the chioride 
of N-nitroso-N-phenyiglycine (XII) into N-phenylsydnone, since it was found by Barber, 
Gregory, Slack, Stickings, and Woolman (CPS 234; “ The Chemistry of Penicillin,” Princeton 
Univ. Press, 1949, p. 731, 746) that the acid chlorides of the «-acylamido-acids pass directly 
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has resulted from the foregoing experiments. It has been found by Bourne, Stacey, Tatlow, 
and Tedder (/., 1949, 2076) that trifluoroacetic anhydride rapidly brings about the complete 
formation of esters from alcohols or phenols and acids at room temperature, and it was suggested 
that the reaction proceeded via the mixed anhydride of the carboxylic acid and triflucroacetic 
acid, R*CO-O-CO-CF,. If this is indeed the case, then trifluoroacetic anhydride should 
react with N-nitroso-N-arylglycines to give, for example, the mixed anhydride 
Ph-N(NO)-CH,CO-O-CO-CP,, which, in view of the very powerful electrophilic properties of 
the CF, group, should lose trifluoroacetic acid and pass into N-phenylsydnone even more easily 
than the related acetyl derivative (VIII). This expectation was fully realised as it was found 
_ addition of trifluoroacetic anhydride to an ethereal solution of N-niteuso-N-phenyighycine 

at —5° caused immediate separation of N-phenylsydnone in 93% yield. 

Support of = negative character for the preceding views on the mechanism of sydnone 
formation was afforded by the facts that the ethyl ester, the anilide, and the benzylamide of 
N-nitroso-N-phenylglycine are unaffected by hot acetic anhydride. This is to be expected, 
since in all three cases the cationoid properties of the carbonyl carbon atoms are largely 
neutralised by direct linkage with the electron-donating ethoxy-, anilino-, and benzylamino- 
groups respectively. It is of interest that formally the anilide and benzylamide of N-nitroso-N- 
phenylglycine might give rise on dehydration to cyclic meso-ionic compounds of the types 
(XVI) and (XVII) (R = Ph or CH,Ph), but these modes of dehydration are excluded by the 
mechanism now proposed for sydnone formation, and require that, even should cyclisations 
occur under more drastic conditions, they should yield N-phenylsydnone by loss of either 
aniline or benzylannne. 


NR 


Note on the Use of the Term Meso-ionic and the Symbol +.—In Part I (loc. cit., p. 311) the 
meaning of the term meso-ionic was applied primarily to compounds which cannot be represented 
even approximately by any one covalent formula, or as a hybrid of a number of covalent 
formule, but which can be depicted as a hybrid of a number of ionic (dipolar, tetrapolar, etc.) 
forms. Purely meso-ionic compounds already known in the cyclic series are the sydnones, the 
“ endothiodihydrothiodiazoles "” and a number of closely related “endo” compounds (see 
Part I, p. 311), and probably the complex quinaldic acid derivative (XVIII) (Brown and 
Hammick, Nature, 1949, 164, 831) and Besthorn’s Red (XIX) (Krolipfeifier and Schneider, 
Annalen, 1937, 680, 34; see Brown and Hammick, Joc, cif). In the open-chain series an 
example of a meso-ionic compound is provided by the “ dimeric diphenylketen " derived from 
benzilic acid, which is regarded by Schénberg and Sina (J., 1947, 175) as a molecule which has 
possibilities of resonance and to which di- and tetra-polar forms such as (XX) contribute. 

A strict application of the above definition of a meso-ionic compound would include the 
aliphatic diazo-compounds, the organic azides, and a number of inorganic compounds, for 
example, nitrous oxide, which is usually represented as a hybrid of ionic forms. It seems 
desirable, however, that the term “ meso-ionic " and the + symbol should not be applied to 
compounds unless their use obviously conveys a better understanding of the actual structure of 
the molecule than may be given by the more commonly used methods of description and 
prego tee No advantage appears to be gained by classifying these compounds as “ meso- 

* although they are very simple examples of the type. 
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In the cyclic series the meso-ionic structure was previously represented by a single formula 
with the symbol + placed within the ring, and the conversion of a bridged formula into a 
meso-ionic representation merely involved the replacement of the bridge bond by +. In 
view of the fact that in some cases alternative hypothetical bridged structures may be drawn, 
it is now considered more satisfactory to represent all the atoms actually concerned in the meso- 
ionic part of the molecule as being united by single bonds (consisting of localised electron pairs) 
and then to add the symbol + indicating the presence of mobile (x) electrons. We now prefer 
to represent, for example, the sydnones as in (II), and the “ endothiodihydrothiodiazoles ” by 
(XXV). An advantage gained by the use of single bonds is that the resulting structure is 
probably as simple and satisfactory a representation of the actual molecule as may be obtained 
within the limits of a single, simple formula. 


(XVIIL) 


N 
(XXL) 


Cyclic compounds such a piazthiole, benzfurazan, anthranil, etc, may be described as 
partially meso-ionic because they can be regarded as hybrids of both covalent (o-quinonoid) and 
tonic forms (see Part I). The expression ‘’ partially meso-ionic "’ is permissible just as is the term 
* partially aromatic ” ; indeed, a compound such as pyrrole may be said to be both partially meso- 
ionic and partially aromatic, but the former emphasises the polar, ionic nature of some of the 
contributing forms. It does not seem desirable to extend the idea of partially meso-ionic 
compounds to simple open-chain substances, for example, the amides, and in the case of the 
cyclic compounds mentioned above they may be represented either by o-quinonoid formule 
(e.g., XX1, piazthiole) or by meso-ionic formule using the + symbol (¢.g., XXII, anthranil) as 
seems to agree more closely with their chemical properties. The + sign is used with single 
bonds in the heterocyclic rings, and can be conveniently applied to such compounds as antipyrin 
(see Brown, Hukins, Le Févre, Northcott, and Wilson, ]., 1949, 2812) which, if it is wished to 
emphasise its meso-ionic character, may be written as (XXIII). 

The Resonance Energy of Meso-ionic Compounds.-—It has been suggested that meso-ionic 
compounds possess considerable resonance energy. The resonance energy of a molecule is 
calculated with respect to an arbitrarily chosen covalent structure, but in the case of meso-ionic 
compounds there is no covalent structure with which comparison can reasonably be made 
For example, the resonance energy of a sydnone molecule calculated with reference to the 
original bicyclic structure would be unsatisfactory, and it would be equally so to attempt to use 
any one of the ionic contributors to the hybrid as the reference state. The stability of a meso- 
ionic compound cannot, therefore, be readily expressed in terms of a resonance energy. 

According to the molecular-orbital treatment (see Coulson, Quart. Reviews, 1947, 1, 165) the 
stability of the sydnones and of aromatic compounds, in general, is explicable by the fact that 
the non-localised electrons in the molecular orbitals have higher binding energy than when 
paired in localised bonds, and this energy will clearly be greater in cyclic than in open-chain 
structures. Thus, the stability of the sydnones is due to their cyclic structure and the possession 
of a number of bile (x) electrons. Calculations of the charges on the atoms composing 
the ring structure have been made (Longuet-Higgins, quoted by Hill and Sutton, J., 1949, 
752; J. Chim. physique, 1949, 46, 247), and it is possible that a more accurate picture of the 
actual state of the molecule may thus be obtained than is possible by assessing the relative 
probabilities of the canonical forms contributing to the hybrid and arriving at a weighted mean 
value for the charge distribution. The latter method has, however, much to commend it to the 
organic chemist, and applied with proper knowledge and caution may lead to a moderately 
accurate picture of the charge distribution, and hence to a rough idea of the magnitude and 
direction of the dipole moment of the molecule. It may be pointed out here that a meso-ionic 
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structure is not necessarily associated with a high dipole moment, as is the case with the 
sydnones and many closely related compounds; the moment may even be zero, as should be 
the case with the quinaldic acid derivative (XVIII). Professor H. D. Springall and 
Mr. C. B. Knowles have determined the heats of combustion of certain sydnones at the University 
of Manchester, and the results of their work will be published shortly. 

Atlem}ts to prepare Cyclic Meso-ionic Compounds of Type (X XIV).—A possible cyclic meso- 
ionic system is shown in formula (XXIV), which differs from the sydnones in the reversal of 
the -CO-O- grouping. The dithio-analogues (XXV) are known (see Schénberg, /., 1938, 824; 
Jensen and Friediger, Kgl. Danske Videnshab. Selshab, 1943, 20, 1; Earl, Leake, and Le Févre, 
J., 1948, 2273; this series, Part I, loc. cit.). Our attempted syntheses of (XXIV) are mainly 
based on methods by which the dithio-analogues have been prepared, and failure is due in several 
cases to the instability of carbamic acids. 

(1) Compounds of type (X XV) are formed from acid chlorides and salts of N’-dithiocarboxy- 
N-arylhydrazines (Busch ef al., ]. pr. Chem., 1899, 60, 218, 228, 231; 1903, 67, 201, 202, 250, 
257). The potassium salt of N’-carboxy-N-phenylhydrazine reacted with acid chlorides to give 
only mixtures of N- and N’-acyl- and NN’-diacyl-N-phenylhydrazines. In attempts to 
prepare the N’-carboxy-N -acyl-N-phenylhydrazines, the N-formyl-, N-acetyl- (Heller, Annalen, 
1891, 263, 281), and N’-carbethoxy-N-benzoyl-N-phenylhydrazines (XXVI; R = H, Me, and 
Ph) were subjected to cold alkaline hydrolysis, but N-acylhydrazines resulted through loss of 
carbon dioxide. Again, N-benzoyl-N-phenylhydrazine did not undergo carboxylation with 


AR’ O-R CO-R 
N-—t—0 NH—CO,Et N=C=0 
(XXIV) (XXV.) (XXVL) (XXVIL) 


carbon dioxide in ethereal solution (cf. the carboxylation of phenylhydrazine; E. Fischer, 
Annalen, 1878, 190, 123; Busch and Stern, J. pr. Chem., 1899, 60, 236). (2) isoCyanates 
(XXVIII) cyclise to compounds (XXIV), but N-benzoyl-N’-carbethoxy-N -phenylhydrazine 
(XXVI; = Ph) did not yield an isocyanate by reaction with phosphoric anhydride, and 
the Reciechdnehde of N-benzoyl-N-phenylhydrazine reacted with carbony! chloride giving 
the urea derivative (Ph-CO-NPh°NH),CO. (3) Benzimino ethyl ether hydrochloride and the 
potassium salt of N’-carboxy-N-phenylhydrazine gave carbon dioxide and N-anilinobenz- 
amidine, Ph-C(-NH)*NH*NHPh, isolated as its picrate [cf. the corresponding synthesis of 
(XXV), Busch and Schneider, J. pr. Chem., 1903, 67, 246). (4) The dithio-compounds (XXV; 
RK = H) are formed from sodium dithioformate and the potassium salts of N’-dithiocarboxy-N- 
arylbydrazines (unpublished observation), but the reaction of sodium dithioformate with the 
potassium salt of N’-carboxy-N-phenylhydrazine gave only N’-thioformy!-N-phenylhydrazine, 
Ph-NH-NH-CHS. 
EXPERIMENTAL. 

42 g.) and p-<hicromandelic 
acid Chon Ses. 1931, 538, ware fe for 4 hour, 
and then refluxed (oil-bath) for 3 hours. After cooling, the mixture was treated with methanol (400 c.c.), 
diluted with water, and extracted with ether. The extract was washed with aqueous sodium h 
carbonate. dried , and distilled, methyl (17 g., 79%), b. p. 
140—143° /16 mm ad: C, 407; H, 3-8. requires C, 4 7%). 

e-Anilimo- p-chlovophen ylacetic Acid.— Methyl (20 g.), aniline (5-6 c.c. 
hydrated sodium acetate (12-5 g.), and methanol (20 c.c.) were uxed at 125—130° for 5 hours, c 
poured into water (500 c.c.), and extracted with ether. The extract yielded methy! «-anilino-p-chioro- 
b. p. 165°/1 mm. (slight decomp.), which was characterised as 

ative, colourless tablets (from methanol), m. p. 137° (Pound: C, 61-3 aw? 
61-4; H, 47%). The e-anilino-ester was hydrolysed by boiling it aqueous 
ium hydroxide for 4 hour, and the filtered solution yielded on acidification a-antlino-p-chlorophenyl- 
acetic acid which ted from aqueous ethanol as small needles, m. p. 178° (decomp.) (14 g., 59 
Bound : C, 66-0; H, 45; N, #8: a. 13-6. C,H,,O,NCI requires C, 643; H, 46, N, 54; 

Sf Facugt-C-p-chlovephenglaydnene —Sodium nitrite (1-75 g.) was added with stirring to a solution of 

e-anilino-f-chlorophenylacetic acid (6 g.) in concentrated sulphuric acid (90 c.c.) at 0°, and after 14 hours 


the mixture was poured on to ice crude nitroso-acid was extracted into ether, acetic anhydride 
(20 c.c.) added to the dried (MgSO,) extract, be after 
removal of the ether by distillation. The solid pale the addition of water was Siraphones- with 
sodium carbonate solution, and from ethan phemyl-C-p-chlor 

N, 10-2; Cl, 13-4. re ires C, 61-7; H, 103; It shows a weak greenish- 

white fluorescence in ultra-violet 
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acid (78 c-c each p-chiorophenylacetic acid (101 g.; m. p. 

p- 103-6104") into p-<chloropbenylacety! chionde de (35 b. p. 
it with thionyl chloride (160 g } and pyridine (1 c.c.) for 5 hours 
To this acid chloride wes added anbydsous bromine (16 c.c.), stirring and trading the 
with ultra-violet hght during ¢ hour, the temperature then 
maintained for 3 hours. The resulting crude bromo-acid 
methanol, the excess of which was then removed 
sodium carbonate, dried, and distilled, (36-4 ¢., 

~162°/16 mm., 126—129°/3 mm. Cc, 416 BrCl requires 

410 3 


and absolute (20 c.c.) were heated at 


o-chlere. — Aad.—H the preceding with 10% 
hydroxide for § hour id) as colourless needles (from ethanol), m 16a” 
C, 67-2; H, 37; N, 46; C,H, ,O,NCI, requires C, 56-8; H, N, 
240%). Wien tor ot OO under pressure the crystals became 


sulphuric acid (100 c.c.) by the addition of sodium te (2.3 g.) at 0” addition of the mixture to ice 
after 14 hours, and extraction inte ether. The extract was dried (MgSO,), bea anhydride (@ c.c.) 
added, and after 4% hours at room temperature the solvent was remov the residue heated on the 
steam-bath for 6 minutes (longer heating results in the formation of dark material), water added, and the 
solid collected, washed with sodium carbonate solution, and —— from ethanol, NC-Di 
chiorophenyleydnone (4-8 g., 51%) was obtained as almost colourless plates, m. p. 144° (Found : C, 048 
H, 27; N,@6; Cl, 233. C, requires C, 54-7; H, 2-6; which exhi! 

a marked ish-white fluorescence im ultra-violet hght. 
the method given by Jenkins ( out.) for the preparation of p 
us tachioride (160 pod and after the v reaction had subsided the mixture a 
refluxed for 3 hours, cooled, and added to methanol (11). The solution was then diluted with water 
and extracted with ether, the extract shaken with sod a carbonate solution, dried, and 
an ing methyl «-chloro-p-tolylaceiate (46 g., 61%), b. p. 140°/13 mm. (Found: C, 60-5; 
17-2. ,O,Cl requires C, 60-5; H, 6-6; Cl, 17-86%). 
tolylacette Acid.—The preceding ester (20 g.), aniline (9-4 g.), hydrated sodium acetate 
(14 .), and methanol (20 c.c.) were refluxed for 5 hours and poured into water (100 c.c.). Extraction 
ether gave impure methy! (24 g.), which not be distilled 
composition but gave 4 toluene derivative aqueous methanol 
colourless bipyramids, m p. 100—11b° Cc, 67-6; H, to. C, 67-5; 
ine hy ‘of the ester (20 g. j as in the vious 

59, N, 


yd 
+6. 10-9. requires C, 71-4; H, 48; 
Violet hight 
f-toluidine (10-8 g.), as in the paration of meth i 


(Found 


6; N.&2. requires C, 74-6; H, 7-1 

o-p- Tolwidino-p-lolylacetic Acid.—-Alkaline hydrolysis of t preceding ester (12- 25) ve the acid (9 
78%) as small needles, m. p. 153", from aqueous ethanol (Found C, 760; H, 62 66. 
requires C, 763, H, @7: N, 5-5%). 

NC- Di-p-tolyleydmowe —The nitroso-acid obtained from the preceding acid (6-7 g.), concentrated 
sulphuric acid (100 ¢.c.), and sodium nitrite (2 g.), as in previous cases, was extracted into ether, the 
extract dried, and acetic anhydride (40 c.c.) added. The ether was removed by distillation, the residue 
heated on the steam-bath for 5 minutes, cooled rapidly, and poured into water, and the solid collected, 
washed with water and aqueous sodium carbonate, triturated with ether, and gg crystallised from 
ethanol. The NC-di-p-tolyisydnone formed needles (5-2 os 156-—157-5° 
(decomp.) (Found : C, 720; &1; N, 10-7 H,,O,N, requires C, 72-1 53; 10-5%). It 
exhibits a marked greenish- white fluorescence in ee violet light. 

Ethyl —Ethyl (36 g.), aniline c.c.), hydrated sodium 
acetate (36 g.), and ethanol (10 ¢.c.) were heated at 125-—130° for 12 hours. ater (100 ¢.c.) was added, 
and the oil taken up in ether, washed with 2x-sodium hydroxide (100 c.c.), dried (MgSO,), and distilled, 
giving ethy! 75%) as a colourless oil, b. p. 125° /2 mm. (this ester, b. p. 175°/18 
mm., was previously oullpred, ., 1905, 87, 441, from ic eater aniline) 

(125 ¢.c.), and ethanol (10 ¢.c.) were refluxed for 4 hour, cooled, acidified to pH 4 with concentrated 


‘ 
5 
4 
4 wit m trite 225 « and treatment i the im ether wit poetic 
\ 
' 


obtained as colourless needles, m. p. 128-5* ; ; ; 

yellow needles, m. Prom 


ak 


i 
stirred at —1 Gp nitric acid (2 c.c.) and 

shed and water, and 


ted, sodium crystallised from aqueous 
dioxan. CNitro-N g., 2% tes, m. p. 142° (Found : 
C, 464; H, 24. C,Hy <so 46-4; H, 2-4%). This compound is rather unstable, cannot 


~ Ph, R’ = 
and bene nine (1 as heed for 8 and then 
‘-s washed with a little ether, and 


110° (Found. Cc, H, 65; N, 15-8. requires 
C, 66-9; H, 56; N, It gave a Liebermann nitroso-reaction. 
benrylamide 


-phenyiglycone. Sodium nitrite (6-33 g.) was slowly added 
to a stirred solution of the benzylamide « Xphenylglycie (see below) (20 g.) in concentrated 


acid (200 c.c.) at enh on crushed ice (500 g.) and water (250 c.c.), and 
the precipitate was collected, washed and (19-0 g., 85%). from ethanol ( ory 
ve the of N-nitroso-N ighycine as needies, m. p. and mixed m. p. 110- 


‘ound: C, 67-0; H, 5-8; N, 15-3%). 

Benzylamide of N ester (15 g.) and (25 
were kept at 140 the wes 
dilute hydrochloric acid, and dried. The benzylamide of separated 
| Fou H, 67; N, 11-8. Cale. for 
compou rom y ine ave m. 4 uene-p-s vative forms 
requires C, 67-0; 86: N, 7-1; S, 81% 

Benzylamide o lyesne (1V; Rom R’ = H).—Reaction of N 
rylamine (5 c.c. wes costied out os N (above), and 

of lycine as colourless needles (2- , 546%), 
ethanol (Found: C, 67-9; H, 48. 60; N, 

Benzylamide Avi ke 


(3 9 previous came Nelo 
.) and ine ( as in the -nitroso- 
: - as colourless needles ( 43 en 130-5—131°, from ethanol (Found: C, 
H, 7-6; C H, N, 15-3%). 
of of Niiroso-e tic ‘Acid (IV; R= R’ Ph)—A mixture of NC-di- 


water. wo tamine (10 ¢.c.) was hented ot 136° for 14 hours end then 


N-nitroso-e-anili acid as almost needles, m. p. (Found : 
H, 66; N, 12-4. Cal O,N, requires C, 73-1; H, 5-6; N, 12-2%). 
Preparation of Phenyl wisydnone from the Potassium Salt of 
um salt of N-nitroso-N- Resigns oe), prepared by the addit 
to N-nitroso-N-phenylglycine disso! in the minimum quantity ethyl alcohol, and 
tion was evaporated under oe — and the residue washed with water 
ving N-phenylisydnone, m. mixed m. p. 134° (0-34 ¢., A 
similar result was when | equivalent of acety] wes added to the but 
occurred immediately and the reaction time was uced to } hour. 
Anhydride of N-Nitroso-N-phenyigiycine and Acetic Acid (VILI).—Pure 


giycine (1-016. in dry bensene (10 cc) with vigorous stirring at 10". "After 1 hour the 
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png ey acid, and kept overnight at 0°. The #-anilinopropionic acid (24-2 . 10%) was used 

tly for the nitrosation. trom ight petroleum (0. p Gave the 

\-Nitroso-B-anslinoproproms Acid (i11).—A solution of sodium nitrite (13-5 g.) in water (100 c.c.) 
was slowly added at 0° to £-anilinopropionic acid (32 g.) suspended in water (400 ¢.c.). After 1¢ hours 

ipitate was collected after being kept overnight at 0°, 
toom ueous ethanol gave acid as almost colourless 
m. p. 77° (Found : H, 5-2; 14-7. C,H,,O,N, requires C, 55-7; H, 5-2; N, 14-44%). 

was passed into a solution of N-phenylsydnone (10 g.) 
in pure acetic enh (100 c.c.) at 0°, the solvent removed under diminished pressure, and the residue 
washed with ethanol and crystallised from 50 c.c. of ethanol. C-Chioro-N-phenylisydnone (4 g.) was 

for 

in 
lone 

ome 

H, 


Cyclic Meso-tonic Compounds. Part 


uires 

requires 12-6 found, after 12 hours : 


5 days. Yields of 75-80% of N-phenylsydnone were 
occurs by long im contact with acetic 


substance under 
hydroxide. After 6—6 days the solid and ond thon 
had and mixed with N- 135". 
yisydaone . p 131-134") was also obtained by refluxing the mixed 

(0-32 g.) in y for hours 

saction of Thionyl Chloride with N-Nitroso-N To N-nitroso-N-phenylglycine 
(2 g.) im dry ether (20 ¢.c.) was added pure thiony! eratew 
minutes N -phenylsydnone to separate in colourless needles. When this material showed signs 
of discoloration the ethereal © was decanted, the solid washed with a little ether and then dilute 
sodium hydrogen carbonate solution, collected, and dried (0-6 g., 28%; m. p. 132-135", undepressed 
when mixed with isydnone) 

(6) Pure thionyl c loride (1'32 in dry dionan (2 ¢.c.) was added slowly, with occasional! 
ice, to @ solution of N-nitroso-N-phenyliglycine (2 g.) in a mixture of dioxan (5 c.c.) and ine 
(2-7 «..). After 025 hour at room temperature the solution was poured into water (150 c.c.), the solid 
collected, washed with dilute sodium hydrogen carbonate solution and then water, and dried (yield: 
1-35 g., 76%); it had m. p. and mixed m. p. with N-phenylsydnone, 134-—135". 

Reachon of Anhydride ath N-Nitroso-N -phenyighyoine. 
was dissolved in dry ether (10 e.c.), and trifluoroacetic anhydride (1-0 c.c.) at 

-Phenylsydnone y and, after removal of volatile compounds under reduced 
re, was washed with dilute aque sodium hydrogen carbonate and then with water, and dried 

id: O84 93%); it had m. p. and mixed m. p. 135-136". 

Anshde of N-Phenyigiyoune — chioroacety! chloride .) in ether (100 c.c.) was added to a 
solution of aniline (182 c.c.) in ether (500 c.c.) (cf. Meyer, Ber., sts, 8, 1153) it yielded both the chioro- 
acetyl derivative of aniline (53 g.; m. p. 133°, from ethanol) ee the anilide of N-phenyiglycine (37 g.; 

. 111°, from water). The former was converted into the latter (92% yield) by reaction with aniline 
sodium acetate in ethanol (Meyer, Joc. cst.) 

Amsiide of N-Nitroso-N -phenyigiyesme. Sodium nitrite re was added with stirring to a solution 
of the preceding anilude (20 g.) in concentrated sulphuric acid ( After bours the mixture 
was poured into crushed ice (500 yg.) and water (200 c.c.), the precipitate — washed, and 
crystallised from dilute ethanol (yield 18-4 g.) and then from ethanol ( 3 a a the amtlsde of 
N-nitroso-N -phenyiglycine as straw-c needles, m. p. 144° (Found: C, 65- 50; N, 164. 
requires C, 65-0; H, 51; N, 16-59%). 

N-Bensyleydnone—The yield of N-benzylsydnone from N-nitroso-N-benzyiglycine (40 g.), 
inadvertently omitted in Part I, was 33-9 g. (04%) 

(10 g.: Heller, Anmalen, 1891, 268, 275), ond ( were heated on 
the steam-bath for 2 hours, water was ted. Recrystallination from 
benzene-light petroleum (b. p. 60-—80") by as needles, 
Pol) 128" (6-2 g., 33%) (Found: C, 676; H, 56; N, 10-4. C,,H,,O,N, requires C, 676; H, 5-7; N, 


yibydrazine (10 g.) and 70% formic acid (80 c.c.) was heated on the steam-bath for 14 hours, poured 
to water (200 .c.), neutralised with sodium h and with ether. 
extract was dried (MgSO,) and evaporated, ao). 
from ight petroleum 
saction between N-Benzoyl-N hioride and Carbonyl Chloride.—N-Benzoyl-N - 
h xhioride (4-9 g.) was prepared by hydrolysis of N-benzoy!-N ‘-acetyl-N-pheny!- 
racine (5 fidman, Ber., 1893, 96, 947) with concentrated hydrochloric acid (7-5 c.c.), water 
( ), and ethanol (15 ¢.c.) on the steam-bath for 3 hours and evaporation to dryness. The hydro- 
Chloride (6 g.) and a 125% w/w solution (40 ¢.c.) of carbonyl chloride in toluene were refluxed with 
vigorous stirring yal —- of hydrogen chlonde ceased (ca. 5 hours). The solid which separated 
oa coolk (3-7 crystallised from nitrobenzene, giving needles of 
PhCO-N Ph: 274° (decomp.) (Found: C, 720; H, 40; N, 12-6. C,,H,O,N, requires 
H, 40 124%) 
of Ethyl Ether Hydrochloride with the Potassium Salt of 
— otassium of N’-carboxy-N -phenythydrazine (5 g.; Fischer, Annalen, 1878, 
123; Busch and Stern, / os 1899, 60, 236) was Seeney stirred in ethanol (100 c.c.) at —10°, 
and bensiminoethy! ether hydroc hloride added slowly. er 2 hours the mixture was allowed to warm 
te room temperature and then evaporated to dryness under reduced pressure in an a 
of nitrogen. Ether (100 c.c.) was now added, the extract evaporated, and the residual oil which 
solidified oa trituration with light petroleum (b. p. 60-—80°) was washed with light petroleum and dried 
[yield, 3-8 m. p. (decomp.)). This basic materia! was unstable and could not be ised 
it gave a bright yellow picrate, m. p 199° }, a8 needles from ethanol (Found : C, 51-8; H, 3-7; 
N, 101 requires C, 51-8; H, 3-7; 19-1%) The free base, C,,H,,N,, is 
N . previously described 1903, 36, 2484) as an unstable oil. 
Reaction of Sodium Dithioformate with the Potassium Salt of N’-Carboxy-N -phenylhydranne —To a 


as needles 


1550 
was evaporated under diminished re 
crystalline mass, m. p. 40-42". Recryst 
(b. p. 46-60") to its solution in benzene 
glycine and acetic aced separating as lon 

kept at 5° this compound deve 
N, 19-46%), and the m. p. rose to ca. 120° after 
thes obtained, but slight decomposition of the 
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solution of the potassium salt of N’-carboxy-N-phenyihydrazine (10 
solution of sodium dithioformate (11 g.) in water (50 c.c.). After 40 hours — a ple oil which later 
solidified was collected and dried (5-1 g.). It ¢ from hght (db. p. “ins 

sodium dithioformate Poole, forthcoming publication). 

The authors grate ac the award of a ti e all of 
heey | Their thanks are also tendered to I Chemica! Industries Limited and to the Colston 

for grants in aid of the work. 
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321. Reduction by Dissolving Metals, Part VII. The Reactivity of 
Mesomeric Anions in Relation to the Reduction of Benzene Rings. 
By Artuavur J. Biacn. 


between 2: 5- (I) and 2: 

m salt (11), id ammonia solution, and tions are defined 

the interconversion of the two isomers. Some reactions of the phen salts derived 
the action of potassium amide in ammonia on several | ; 4-dihydrobenzoic acids, several 
unsaturated hatic acids, and several arylacetic acids are investigated; in particular 
methy! iodide is found to —- one or two methyl! groups on to the carbon atom adjacent 


to the carboxy! group. Several 2 : 5-dihydroanisole derivatives are similarly methylated in 
the 2- tion, and a methyl! or a 2-phenylethyl group is introduced into the 2-position of | : 3 
5-dihydrobenzene. 


isations on the of mesomeric anions are 
alcobols in liquid ammonia. 


Tue hydrogenation of an aromatic system by a dissolving metal proceeds by electron and proton 
addition in what may be considered as successive or simultaneous stages according to conditions, 
since a series of equilibria is involved: M + 2e == M-* + ¢ ==> M-~ ——> MH, (M = an 
aromatic molecule throughout this paper), and, under the right pH conditions, 
M-* + Ht => MH¢® (Birch, Quart. Rev., 1950, 4, 69, 4.v. for references to any undocumented 
statements in the present paper).f The rate- or p tial-de ng stage appears from 
polarographic and other evidence to be the addition of the fist electron. The addition of the 
second electron appears to be slow by comparison, although chemical evidence is available that 
this stege is at least chemically reversible. The slowness is understandable, because the reaction 
is between two negatively charged particles, a radical-anion and a solvated electron. The 
reduction process can be pictured as the rapid and reversible addition of an electron, the 
of equilibrium being governed in the usual manner by the free-energy difference between M and 
M~*, followed by further reactions which are either irreversible or slow to attain equilibrium. 
The rate, or the potential at which reduction occurs at any given rate, thus depends chiefly on 
the concentration of M-*, and hence on the free-energy difference. This difference can be 
calculated in a semi-quantitative manner from bond-energy and resonance-energy changes 
which are considered in more detail elsewhere (cf. Birch, doc. cit.). 

In the reduction of aromatic compounds containing benzene rings the primary reduction 
product, defined for convenience as the first non-ionic product which can be isolated, contains 
two added hydrogen atoms and thus corresponds to the addition of two electrons and two 
protons. With polycyclic compounds, or benzoic acids, these additions can be made to take 
place in two separate stages, the salt of the di-anion, ¢.g.,2Na*M™~~, being stable in ammonia at 
about —70° (¢.g., Hiickel and Bretschneider, Annalen, 1937, 540, 157). With a molecule 
containing one isolated benzene ring such successive addition is not possible, and reduction 
occurs only by the simultaneous action of the metal and an alcohol in ammonia. This must be 
caused by the addition of protons from the alcohol either to M~~ or to the less strongly basic 
M~*, followed in the latter case by the addition of another electron and another proton. The 
equilibria above are thus caused to proceed in the direction of formation of stable hydrogenation 


+ The signs ~ and * here represent two and one unshared electrons respectively. 
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products, even though the instantaneous concentration of ions may be very small because of the 
small free-energy change in the process of electron-addition. 

Whichever route is followed, it is evident that a reduction intermediate is the mesomeric 
univalent anion MH™: + MH™~, or + H* —-> +¢-—> MH™. There 
are at least two positions in such tons where proton-addition can occur, and in the case of benzene 
rings (¢.g., A study of their reactivity is therefore fundamental for 
an understanding of the relative positions of the hydrogen atoms added to the ring. Reactivity 
is experimentally found to be in the aé-positions {[¢.g., anisole ——> 2 : 5-dihydroanisole (I)) 
with sodium-alcohol-ammonia solutions (¢g., Part 1, /., 144, 430), although with calcium 
hexammoniate the af-dihydro-derivatives appear to be intermediates which are further reduced 
because they contain conjugated double bonds (¢.g., Part V, /., 1947, 1642). An examination 
has accordingly now been made of the addition of protons to several types of mesomeric anion, 
such as (11), under conditions where the process is reversible and irreversible, i.¢.. when the 
proton-donor is a much stronger acid than the conjugate acid from the ion, and when it is of 
about the same strength. For the reduction of benzene rings these conditions hold when the 
proton donor is alcohol (pK about 18) (irreversible addition) and when it is ammonia (pK about 
34) (reversible addition). 

It has already been briefly pointed out that the constitution of the product depends on 
whether the addition of protons to an anion is reversible or irreversible (Birch, Faraday Soc. 
Diseussion, 1947, 2, 246; cf. Catchpole, Hughes, and Ingold, J., 1948, 8). Under reversible 
conditions an equilibrium is set up, such as (i), where A~ and B~ are the canonical forms defining 
the mesomeric anion : 


~ 


The equilibrium position is determined by the free-energy difference between the two possible 

conjugate ackis AH and BH (Branch and Calvin, “ The Theory of Organic Chemistry,” N.Y., 

1044, p. 280; de la Mare, Hughes, and Ingold, /., 1948, 22). On the other hand, the products 

of irreversible proton addition are governed by the relative rates of combination of a proton 

with the various positions where a free charge appears in A~ B~. The expectation is that addition 


will be most rapid at the point of greatest free-charge density to give the strongest “ acid“ 
(Faraday Soc, Discussion, loc. cit.; Dewar, “ The Electronic Theory of Organic Chemistry,” 
Oxford, 1949, p. 103). This expectation is verified experimentally, the charge distribution being 
qualitatively estimated on the basis of the known electrical effects of substituents, and is 
confirmed by a study of the acidity of the conjugate acids AH and BH. 

Apart from the evidence cited in the references above, the following observations lend further 
support to the theory. The enol of acetoacetic ester is formed when the sodium salt is treated 
with acid at a low temperature (Knorr, Rothe, and Averbeck, Ber., 1911, 44, 1138); the ionisation 
and the enolisation of ketones proceed at the same rate (Ives and Wilks, J., 1938, oe as do 
their racemisation and deuterium exchange (Hsii, Ingold, and Wilson, /,, 78); 
fy-unsaturated nitriles exchange the a-hydrogen for deuterium far more rapidly oo they 
isomerise to the a$-isomer (Ingold, de Salas, and Wilson, /., 1936, 1328); and the metal salts 
formed from some a$-ansaturated malonic esters on careful treatment with acid give the 
Sy-unsaturated esters (Hugh and Kon, J., 1930, 775). It is apparent that the greatest free- 


charge density in the ions of hetero-enoid systems, e.g., C—C-——C—C—O is on the hetero-atom 
because of its greater clectron-affinity compared with carbon. Accordingly, it might appear 
on this theory that irreversible addition of a proton should always occur in that position, 
as with acetoacetic ester. However, it is often difficult or impossible to find conditions 
where such combination is in fact irreversible for a proton, so attention can usually be 
confined to the lessmobile carbon system. The hetero-atom in such cases acts as a charge- 
stabilising influence on the carbon system, the free-charge density being greatest on the carbon 
B to it. 
Systems containing only carbon atoms have been little examined because the high 

of the anions result in very low acidities in the conjugate hydrocarbon “ acids " (pK of the order 
37-40; Morton, Chem. Reviews, 1944, 35, 8). The products of reduction of substituted allyl 
alcohols, where such ions intervene, accord with the theory (Birch, /., 1946, 809). By using 
stronger hydrocarbon “ acids such as dihydrobenzenes, it is possible to make the anions 
by the action of a metal amide in ammonia (pX about 34) (Part V, loc. ci#.). The following 
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system. 


(TIL) 

By the use of a small proportion of potassium amide in ammonia, it has already been found 
possible (Part V, loc. cit.) to convert the unconjugated 2 : 5-dihydroanisole (I) into the conjugated 
2 : 3-dihydroanisole (III) of lower energy, the potassium salt (II) acting as a “turntable.” The 
proton addition is reversible, because the ammonia and carbon “ acids" of this type are 
comparable in strength. When several moles of potassium amide are used, the salt (II) is the 
major product and can be obtained either from (I) or from (III). If this salt is acted upon by 
an acid (ammonium chloride or water) strong compared with the carbon “ * srveversible 
proton addition occurs and the product is chiefly the unconjugated (higher-energy) isomer (1). 
The absorption spectra and other properties make it quite clear that the conjugated (III) can 
thus be converted into the unconjugated (I). 

The formation of the potassium salt (II) is attested by the deep red colour of the solution, and 
by the action of methyl iodide which causes addition of a methyl group in the same position as 
that taken up by the proton, since acid hydrolysis of the product (IV) gives 2-methyleyclohex-2- 
enone (V). Similarly, the potassium salt from 3-methyl-2 : 5-dihydroanisole gives rise, though 
in poor yield, to 2 : 3-dimethyleyclohex-2-enone. 1 : 3-Dimethoxy-2 : 5-dihydrobenzene gives a 
salt (VI) very readily, which is converted by the action of methy| iodide or 2-phenylethy! bromide, 
1; 3-diome (VIL; R= CH,-CH,Ph), respectively 


avy (VL) (VII. ax.) 


R Rr’ 
\ 
(X.) (XI) 

The equilibrium (i) is also illustrated, though not quite so directly, by the reactions of 
several derivatives of 1 : 4-dihydrobenzoic acid. The reduction of o-toluic acid with sodium and 
ethanol in ammonia produces 2-methyl-1 : 4-dihydrobenzoic acid (VIII; R = R’ «= H), which 
with potassium amide in ammonia forms a deep-red solution evidently containing the 
dipotassium salt (IX). The action of methyl iodide on the solution leads to 1 : 2-dimethyl-1 : 4- 
dihydrobenzoic acid (VIII; R = Me, R’ = H). The constitution of the last substance is proved 
by its lack of a light-absorption maximum in the region 2200—2800 a. (unconjugated double 
bonds) and by its oxidation by lead tetra-acetate to o-xylene. The action of ammonium chloride 
on the dipotassium salt (IX) is to add a proton to the 1-position, regenerating the original acid. 
However, if the acid is boiled with aqueous sodium hydroxide, an equilibrium is eventually 
established and the product isolated on acidification is a conjugated isomer (),,,, 2780 a.), 
probably 2-methyi-3 : 4-dihydrobenzoic acid (X). 

An even more interesting case is that of 3 : 4-dihydro-l-naphthoic acid (XI). By the action 
of potassium amide in ammonia, this gives a dark red solution evidently containing the 
dipotassium salt (XII) because the action of methyl iodide leads to l-methyl-1 : 4-dihydro-1- 
naphthoic acid (XIII; R = Me, R’ = H), The constitution of this compound is proved by its 
oxidation by lead tetra-acetate to l-methylnaphthalene. The salt (XII) by the action of aqueous 
ammonium chloride gives rise, not to the starting acid, but to the unconjugated | : 4-dihydro- 
naphthoic acid (XIII; R, R’ = H). 

The observation that such dipotassium salts are formed quite readily led to an examination 
of the action of potassium amide in ammonia on several other unsaturated acids which should be 


+t Only the relevant hydrogen atoms are shown in these and subsequent formula. 
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capable of losing a proton from the unsaturated system. Exhaustive treatment with the 
reagent and methy! iodide brings about the following transformations: phenylacetic acid to 
2-phenylpropane-2-carboxylic acid (CPhMe,CO,H); I-naphthylacetic acid to 2-1'-napAthyl- 
propane-2-carbosylic acid ; crotonic acid (CHMe{CH-CO,H) to 
ene-L-carborylic acid (CHECHCMeyCO,H); and sorbic acid to 

2-methylhexa-3 ; 5-diene-B-carboxylic acid In each case the 
methyl group has been added to the position in the mesomeric carbon-anion adjacent to the 
carboxyl group, where the charge density should be greatest. This happens even when, as in 
the last two examples, the double bonds are moved out of conjugation with the carboxyl by so 


It may also be noted that the irreversible addition of a proton, or of a methyl group, to the 
anion derived from the dihydroanisoles (¢.g., I), takes place in the 2-position, ortho to 
the methoxy! group and in the middle of the mesomeric system where the charge density should 
be greatest (cf. Dewar, Faraday Soc. Discussion, 1047, 2, 261). 

The foregoing experimental results thus make it plain that the intervention of mesomeric 
anions such as in (II) would explain the «8-positions taken up by the hydrogen atoms 
in reductions by sodium and alcohols in liquid ammonia. Furthermore, reductions under 
conditions of reversible proton addition, which undoubtedly exist with calcium hexammoniate. 
would be expected to lead to the conjugated isomers of lower energy level, such as (11), and hence 
to further reduction. This agrees with the experimental! findings (Part V, loc. cit.). 


EXPERIMENTAL. 

Interconversions of 2. 5- and 2. 3-Dihydroantsole.——2 : b. 151°, 11-4740 
(obtained by the reduction of anisole), was added to potassium amide (from t 5g.) in ammonia 
(200 ¢.c.), and the dark red solution left for 20 minutes. It was then decomposed et ame adding ethanol 
(1 ¢.c.) drop by drop, with stirring, during 5 minutes, and then water (150 c.c.). Distillation of the oily 
product gave 2: 3-dibydroanisole, b. p. 147——140° (mainly 148°) (8-5 g.), 1-4830, 2680 ., 
em 4270. The reduction of this substance with sodium and ethanol in ammonia gave tetrahydroanisole, 
detected by acid hydrolysis to cyclohexanone, the 2 : 4-dinitrophenylhydrazone of which formed golden 
plates, m 155--156°, undepressed by an authentic specimen 

2:3- ydroanisole (7-6 g.) was added to potassium amide (from the metal, 7-0 g.) in ammonia 
(200 ¢.c.). The solution was left for 10 minutes and decom: by pouring it very cautiously into a 
solution of ammonium Ss (20 g.) in water (150 c.c. ther-extraction and distillation gave an oil 


b. p. 151-162", 1.4765 (Pound: C, 76-5; 89. Cale. for C,H,O: C, 76-4; H, 91%). 
t this is chiefly 2 Sdi ydroanisole was confirmed by the absorption, the only maximum between 
2200 and 2800 4. having AL, 2700 a., eB. 580, which must be due to 10-—15% of either starting material 
or anisole. The substance was treated with sodium and ethanol in ammonia, and, unlike the ae 
material, —— only a little sodjam before a momentary blue colour was obt 


solution material recovered from this treatment gave rise to the 2 Sdintipeghengitgdeasens of 
eyelohex 2-enone as ~red plates, m. p. 165°. 
Methylation of 2. 6-Dihydroanssoles.—2 | 5-Dibydroanisole (5 g.) and potassium amide (from the 

metal, 4g.) in ammonia (100 c.c.) were left for 10 minutes, and methy! iodide was added 4 
as rapidly as the rather violent reaction would allow until the red colour had disa yd 
50 c.<.) was then added and the oil collected with ether and refluxed with sulphuric acid (10%) for 

S minutes. The product was taken up in ether (15 c.c.) and shaken twice with water (20 c.c.) to remove 
most of the eyelohexenone. The product was a colourless oil red }, b. p. 160174", which gave rise to 
2-methyleyelohexenone 2 4-dinitrophenylhydrazone as dark prisms (from ethyl acetate), m. p. 
204 undepressed by an authentic specimen (Found 542; H, 47. Calc. for C,,H,,O,N, : 
C, 63-8, 47%). The semicarbazone crystallised isms, m. p. 208°, from ethanol. 
3-Methy!-2 5-dihydroanisole, treated similarly, gave a ketone, b. p 90" /17 mm. The action on 
this of cold semicarbazide acetate in methanol for 10 minutes gave 3 methylcyciohex-2-enone semi- 
carbazone, m. p. 190-—200° (undepressed by an authentic —— which corresponds to unchanged 
starting material. The onreactive oil (0-4 b. p. 93—965" /20 mm., was probably 2 : : 4 
Zenone (Found: C, 77-6; H, 95. Cale. for C, 77-4; H, 07%). The 2 : 4-dinsér 

re wx formed dark red needies (from ethyl acetate), m. p 199—200° (Found: C, 55-5; 

requires C, 5662; H, 52%). the semicarbazone formed colourless 
{decom Dupont (Bull. Soc. chim. Belg, 1937, 48, 21) gives m. p. 224° (slow ce prin, mp 207 
ting 


Alkylation of 1: 3-Dimethory-2 5-dihydrobensene —1 : §-dihydrobenzene (7 g.) and 
potassium amide (from the metal, 2g.) in ammonia (100 c.c.) were left for 10 minutes, and methy! iodide 
was added slowly with stirring to discharge the red colour. The oil obtained after addition of water 

100 ¢.c.) and ether-extraction was heated on the steam-bath for 5 minutes with 2n-sulphuric acid 
16 c.c.). The product was extracted with ether (3 x 245 ¢.c.) and the ethereal solution en with 
sodium hydroxide solution (5%) in small portions until acidification gave no more process The 
crystalline solid so obtained crystallised from ethy! acetate as colourless prisms (2-8 g.), m 206—207° 
(Found : C, 670, H.78. Cale. forC,H,,0,: C,66-7: H, 80%). The compound is certainly 2-methy!- 
cyclohexane} 3-dione, m p. 210° (Blaise and Maire, Compt. rend., 1907, 144, 573; Bull. Soc. chim., 1 

3, 607), this the only isomer which melts so high F vaporation of the ether gave an alkali- ansoluble 
olf (1-5 g.), p. "12 mm 
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product 2-2" acetate as colourless 
prisms, m. p. 144—145° (Found : C, 77-7; H, 7-4. C,,H,,O, requires C, 77-8; H, 7-4%). 

2-Methyl-1 : 4-dikydrobensoic Acid.—o-Toluic acid 


© ¢.) im ammonia (300 <.c.) and ethanol (18 
wan ty Gn exten hate (40 ene thon added, by 
water (40 c.c.), and the ted off, thes pressure. & 
residue gave an oil which rapid) solidified. This was taken u 
solvent removed, 4060") (10 c.c.) added to the residue 2g.) 
were filtered off and recrystallised . 2M 
benzove acid formed colour’ (7-3 m p. 7498" (Found : 60-5; H, C,H,.O, 


vires C, 69-6; H, 7-2%). my conju tio8 of the double bonds was confirmed by the absence Sf 

light-abeorption maximam im the 2500-2800 The action of potassium amide (3 mols.) in 

the starting ma’ 

ay Prete ciryaeloobonsets Acid. ~The above acid (7 g.) was heated under reflux for 6 hours 
with sodium hydroxide solution (100 c.c.; 20%). Acidification gave an oil which solidified and 
petroleum (b. p . 80—-100°) x -2 g.), m. p. 76—78", considerably 
depressed by the starting material (Pound - 60-6; H,7 C,H ,,O, requires C, 60-6; H, 7-2%). 
inthe 3280 (ethanol). The acid is 
identical with that obtained, but not fully investigated utchinson (Ber., 1891, 24, 178), but is not 
identical with 2-methyl-2 ie” Ole eae acid, m. p. 128° (Perkin, /., 1911, ‘98, 758), or 2-methyl-4 : 5- 
dihydrobenzoic acid, m. p. 175° za and Carl, Gazzetta, 1927, 67, $18). 

1 : 2-Dimethyl-1 : Actd.—2-Methyl-1 : 4-dihydrobenzoic acid -) was added to 
potassium (from the metal, 3 g.) in ammonia (100 c.c.), and methyl iodide (1 in ether (20¢.c.) ¢~ 
was cautiously added. Water (50 c.c.) was added, and the acid ae et by by evaporation of the ammonia, 
acidification, and ether-extraction. lisation from light p. 40—60°) gave 
1: 2-dimethyl-1 4-dshydrobensosc acid as colourless prisms, (3-3 considerably 
depressed on admixture with either of the preceding acids (Found : C, 70-8 - 6. C,H,,0, requires 
C, 71-0; H, 7-9%). Lack of conjugation is indicated by the absence of a light-absorption maximum 
perk we 28004. The ester was a colourless oil, b. p. 105°/17 mm (Found: C, 73-4; H, 

73-3; H, 809%). Theacid (3 g.) was slowly to lead tetra- -acetate (15 g.) 
nae! acetic acid c.c.) at 50°. evolution of carbon dioxide took place with rise of temperature 
Addition of water and extraction a little ether gave an oil, b. P Voie ° ¥s ), which, redistilled 
over sodium, had b. 143-144", 1-6030. o-Xylene has b Oxidation by 
refluxing nitric acid (25%) for 12 acid, m. p. 103-104", | by an authentic 


imen. 

Acid from 3: 4-Dihydronaphthoic Acid.—3 4-Dihydronaph 

aud tee left for 3 minutes under an atmosphere solution was then forced by 

into a solution of ammonium chloride jin 75c.c.), most of the ammonia removed 

under reduced pressure, and the solution acidified. ¢ precipitated solid was dissolved in the minimum 

amount of dilute ammonia solution, and a concentrated solution of barium chloride added drop by 4 

until no further precipitate was formed. After filtration, the solution was acidified and the acid c : 

a from light petroleum (b Pp 80— 100°) with the aid of a little fuller’s earth. It formed colourless, 

ted prisms, m. p. 82-—84°, undepressed by | : 4-dihydronaphthoic acid, m. p. 86-—-87°, but depressed 
material. ofthe arin sit which had been removed by stration faves 


by an authentic specimen). 
1-Methyl-1 : 4-dihydro-l-naphthoic Acid.—-3 : 4-Dihydro-l-naphthoic acid (1-5 g.) was treated with 


acid above. was |-methyl-1: acted, crystallisi 
from benzene-light petroleum (b. p. 40-—60*) (Found C, 7 
Cys 


p maeeene Ke 76-6 H, 64%). On oxidation of the acid with lead tetra-acetate in 
acetic acid at dioxide was evolved, and addition of water and ether-extraction gave an oil 
with an odour of naphthalene. This readily gave rise to 1-methylnaphthalene picrate as needies 
fom ethanol), m P. ise” (undepressed by an authentic specimen) ound: C, 545; H,36. Cale. for 


2 Pacaphor opane-2-carbosyiic Acid.—Phenylacetic acid (10 g.) was added to potassium amide (from 
resultant acid was only partly crystalline, so the Kamran ob. was repeated. The uct was then 
acid, which crystallised from light (ob. p —100°) as large 
less elongated . m. p. 80°, undepressed by an authentic 
2-1’-Naphthylpropane- -2-carborylic Acid. The g.) was treated twice, as 


using um amide (from the metal, The resul 2-carboxylic 
formed colourless prisms m. \ight 804 C, 786; H, 64. 


C,,H,,0. 78-5; 

tha 7 g.) in ammonia (250 c.c.), gave a red solution and a precipitate. Methyl 
iodide was added to discharge the colour, and the acid product isolated as above. Owing to the 
com tive insolubility of the potassium salt it was necessa bts the process twice more to obtain 
a uniform product, the salt in the last run being completely Distillation of the acid product gave 
two fractions: (a) (3-3 g.), b. p. 96-—98°/15 mm., (06g. 110—117°/16 mm. Fraction (4) 
was 2-methylbut-3-ene-2-carborylic acid (Found: C, 63-5; H, wires C, 63-1; H, 
It gave an amide as colourless (irom m. p. ‘7; H, 07. 
requires C, 63-7; H, 97%). Hydrogenation (Pd-C) acid gave 1 : 1-dimethylbutyric ¥. p. 
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ne ower C085; Cale, for Co H, 11-3%)). 


probably 2-methyipent-3-ene-2 acid. 
m amide (from the metal, 7 g The acid 
distillation into two fractions p. 122—-124°/13 mm., and (6) (0-7 g.). b. p. 130—1 iS 
Cuan te) wee 4 acid (Found : C, 6&7; 


Fine to the amide as colourless plates (from ethanol). 
scquine €. 0; H, 93%) OF (O-C) 


readily than the second, to give 2; 
b. p. 123°/16 mm (Found : Cale 
; 110%). Its m. p. was not ior e oth imen, m. 
method of Loc Leore (Compe. 1924, 178, 2006). The diene-acid, a! 
conted tube, had to glass, im acetone of aqueous 


Absorption spectra are by Dr. F. B. Strauss 

LC, Fellowship; it was completed during the tenure of the Smit ellowship of the 
Seeee Seen. The author m grateful to Professor A. R. Todd, F.R.S., for the hospitality of his 
beratory 


Tus Usivensrry Lapomatory, Campaipar. (Received, November 1 ith, 1949.) 


322. The Nitration of Dimethylaniline to Tetryl, 2 ; 4: 6: N-Tetranitro- 
methylaniline. The Course of the Reaction. 
By C. E. Crarxsow, I, G. and T. 


The formation of tetry! from dimethylaniline proceeds im two main — (1) dimethyl- 
aniline 2 (2) 2: 4-dimitr thylani tetryl, the latter 
stage proceeding largely esa 2 4-dinitromonomethylaniline, but “also via dimethyipicramide. 

Stage (1) is catalysed by nitrous acid, pr 
N,O, === NO,* + NO,~ (cf. Addison and Thompson, /., 1049, 5211 

and Scaife 1 

Seago (2) in nitrous acid, 
demethylating agent. The mechanism of the transformation 2. 
methylpicramide is discussed 


Terkys. was first prepared by Mertens (Ber., 1877, 10, 995) as yellow crystals, m. p. 127°, by 
boiling dimethyvianiline with fuming nitric acid, but he was unable to obtain satisfactory 
analytical results, presumably because of the explosive properties. A little later its constitution 
was established by van Romburgh (Rec. Trav. chim., 1883, 2, 103; 1889, 8, 215) who found that 
tetryl could be prepared by the nitration of both methyl- and dimethyl-aniline, and, from the 
fact that carbon dioxide and oxides of nitrogen were evolved profusely in the latter case, but not 
appreciably in the former, he concluded that tetryl contained only one methyl group; this he 
confirmed by preparing tetryl from N-methyl- and NN-dimethyl-picramide, and by synthesis 
from picryl chloride and potassium methylnitramine. 

Tetry! has long been used both as a high explosive and as an initiator or primer for high 
explosives and propellants, and there is much information on its preparation [Langscheidt, Z. 
ges. Schiess. wu. Sprengstoffw., 1912, 7, 445; wan Duin, Rec, Trav. chim., 1917, 37, 111; Wride, 
Arms and Explosives, 1923, 28,6; Tanner, Chem. Met. Eng., 1923, 29, 404; Desvergnes, Mem. 
Powdres, 1922, 19, 217; Bain, Army Ordnance, 1926, 6, 435; Attillio Izzio, (Review) Industria 
chimica, 1933, 8, 171; Chao Lung Tseng and Tu Chi Lin, ]. Chem. Eng. China, 1933, 2, 128; 
Deavergnes, Chim. ef Ind., 1930, 24, 785; Nolan and Clapham, Sei. Proc. Roy. Dublin Soc., 1923, 
17, 219) 

The only practicable method of preparation is the nitration of dimethylaniline, and most of 
those studied by the observers noted above involve the addition of a solution of dimethylaniline 
in concentrated sulphuric acid (referred to subsequently as D.M.A.S.) to nitric acid, or to a 
mixture of nitric and sulphuric acids, under a variety of conditions of concentration and 
temperature. The nitration of methylaniline, which would appear to be a more direct route, 
gives a much lower yield (75%, compared with 93%), owing mainly to meta-nitration, leading to 
2:3: 4:6; N-pentanitromethylaniline or “ meta-tetryl (cf. Knowles, Ind. Eng. Chem., 1920, 


AL 

ach. 
11-1%). The amide 
Cak 
92", ed by 

er several months in 
jum hydroxide. 
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12, 246; Forster and Coulson, J., 1922, 121, 1988), a particularly 
catalyses the decomposition of tetryl (Hinshelwood, /., 1921, 119, 721). 

Of the methods referred to above, that of Wride is of interest in that he recognised two main 
stages in the reaction, In the first stage he added D.M.A.S. to a nitrating mixture of nitric and 
sulphuric acids, keeping the temperature at 45°, and in the second, he warmed the solution to 65° 
and maintained it at this temperature until the reaction was complete. Wride considered that 
stage I was conversion into dimethylpicramide, and that stage II was oxidation and nitration of 
this to tetryl, viz. : 

NMe, NMe-NO, 

No, No, 

In this view, generally accepted hitherto, Wride was, however, only partly correct, for on 
plotting a time-temperature curve of the reaction after mixing D.M.A.S. with nitrating acid in a 
Dewar vessel (Fig. 1, for which we are indebtea to Drs. H. D. Springall and T. H. Bevan) it is 
seen, in agreement with Wride, that there are two main stages, but on drowning the reaction 
mixture with water, after the completion of the first stage, one obtains an almost quantitative 
yield of 2 : 4-dinitrodimethylaniline. 

Fis. 1. 
The effect of nitrous acid om the speed of formation of tetryl. 


D.M.A_S, and witrating acid containing the above percentages of nitrous acid mixed at — 7°. 


Time—temperature curves taken as indicated above show that the presence of nitrous acid 
increases the rate of both stages of the reaction (Figs. 1 and 2; Drs. Springall and Bevan, 
unpublished), The type of efiect seems to be different in the two stages, since very small 
amounts affect stage 1; for example, any amount above 03% im the nitrating acid makes 
stage I practically instantaneous, whereas increasing amounts up to 6% still further increase 
the rate of stage II. One gains the impression that in stage I the action is catalytic, whilst in 
stage II nitrous acid is a reactant rather than a catalyst. 

Before dealing with these stages in detail, it will assist later discussion if the main facts of a 
tetryl preparation are described. D.M.A.S. is added with vigorous stirring to nitrating acid in a 
flask surrounded by ice, and the temperature is not allowed to exceed 30—35°. The first drop 
of D.M.A.S. produces a deep red colour which is intensified as the addition proceeds. After the 
addition, the reaction flask is surrounded by a water-bath at 90—100°, which is removed when 
the contents of the flask reach 60°, from which point the temperature rises at a convenient rate 
without external heat. During this rise, the reddish-orange solution becomes darker and less 
clear, and at a little above 70° assumes a purplish colour. At this stage, tetryl begins to separate 
as an oil, and soon solidifies in a fine crystalline form, the separation being accompanied by 
a violent evolution of brown fumes (fume-off) and a rapid rise in temperature, which should not 
be allowed to exceed 100° (ice-bath). 

Stage 1, Dimethylaniline —> 2 : 4-Dinitrodimethylaniline.—Dinitration is rapid and it is 
difficult to isolate the mononitro-compound. If, however, the reaction is carried out at —20” 


100 

| 

sme, minutes. 
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and the reactants are poured into cold alkali, it is possible to isolate a small amount of p-nitro- 
dimethylaniline (unpublished work by Dr. T. H. Bevan). 

The main point of interest in this stage is the action of traces of nitrous acid, which appears to 
be catalytic. Martinsen (Z. physital. Chem., 1904, 50, 385; see also Benford and Ingold, /., 
1939, 931, for fuller references) has observed a similar effect in the nitration of phenol, and he 
considers, but rejects, the view that rapid nitrosation, followed by oxidation, is the explanation. 
Unpublished work by Dr. H. D. Springall has shown that this view cannot be supported in the 
present case, since p-nitrosodimethylaniline gives a much lower yield of tetryl than does 
dimethylaniline. 


Pia. 2. 
The effect of mitrous acid om the speed of formation of tetryl 


Time, minutes. 
D.M.A S. and nitrating acid containing the above percentages of nitrous acid mixed at 10°. 


The catalytic action may be due to ionization or even potential ionization of dinitrogen 
tetroxide to NO,~ and NO,*, the latter nowadays being regarded as a powerful nitrating agent 
(Bennett, Brand, and Williams, /., 1946, 869). Such ionization would provide additional 
nitronium and proton acceptors in the nitrating system. Alternatively, if ionization takes place 
only on approach of dinitrogen tetroxide to an active aromatic centre, the velocity of nitration 
might be expected to be increased since only a bimolecular collision, A, would be required instead 
of the termolecular collision needed for normal nitration, B : 


~ 
+ HNO, 


The important point is that the concentration of nitrous acid is not reduced by this process : 


2HNO, N,O, —> NO + NO, N,O, —> NO,- + NO,* 


Thus for each molecule nitrated, one molecule of nitrous ion is produced, and one molecule of 
nitric acid is reduced to nitrous acid. 
Stage II, 2- 4-Dinitrodimethylaniline ——» Tetryl.—When at this stage the mixture was poured 


into water at different intervals, the only intermediate isolated was 2: 4-dini hyl- 
aniline, and therefore the course of the reaction must be arrived at indirectly. Possible routes 


90 
: 
4 
g 0 0 60 
=. NO,” 
— > NO, 
+ H,SO, 
A B 
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are given in the following scheme, and from a consideration of the observed yield of tetry! from 
each intermediate, given in parentheses, it is possible to deduce the main course of the reaction. 


NMe, NHMe NO, 
(1) (it. 
(93-2%) (91-3%) (91.9%) 
{ { 
NMe, NHMe NMe-NO, 
Oy 


(V1) 


Thus, a 93-2% yield of tetryl from (1) can be obtained either by a combination of routes (a) 
and (6), or by route (6) exclusively, assuming a loss in yield in stage I —-> IV : 


The evidence is against the latter view, since (II) is the only intermediate that can be isolated. 
Moreover, the acceleration of this stage of the reaction by nitrous acid (Fig. 2), which is found 
to be a powerful demethylating agent, suggests the early formation of (II); and, finally, the 
production of a purple colour, which is a striking feature of tetryl preparations, is a well-known 
property of nitramines in the presence of concentrated sulphuric acid (Orton, J., 1902, 806; Orton 
and Smith, /., 1905, 389). If, then, there is no appreciable loss in the conversion (I > IV), the 
yield of tetryl from (I) corresponds to a combination of (a) and (6) in the proportion of 1°8 to 1-0. 
The main course of route (4) appears to be 
— V — VIL, 


for we find it possible to convert (IJ) into (III) in 94% yield by means of concentrated nitric acid 
(70%), whereas all attempts to prepare (V) from (II) have failed. Moreover, the conversion of (II) 
into tetryl is always accompanied by the characteristic violet colour. This we consider is an 
indication of the intra(? inter)-molecular change (III-——> V). Aromatic nitramines are known 
to undergo intramolecular changes readily in the presence of sulphuric acid (Bamberger, Ber., 
1897, 80, 1253; Orton and Smith, Joc. cit.), and, in agreement with this, (III) can be converted 
by means of sulphuric acid into (V) in 90% yield. Moreover, (III) is always converted into 
tetryl more readily by a mixture of nitric and sulphuric acids than by nitric acid alone. 

Arising out of the reactions in route (a) are the interesting points concerning the nature of the 
purple colour, and the mechanism of the change (III——> V). On the latter question, our 
results lead us to somewhat the same conclusions as those of Bradfield and Orton (/., 1929, 917), 
who studied the transformations of simple aromatic nitramines and considered their evidence 
to be in harmony with an intramolecular process, although they also obtained evidence of 
extranuclear migration of nitro-groups. We, too, find evidence for the latter. Thus, 
equimolecular amounts of tetryl and 2 : 4-dinitromonomethylaniline, when kept overnight in 
concentrated sulphuric acid, yield methylpicramide almost 


NMe-NO, NHMe 


Or 


No extranuclear migration takes place, however, when 2 : 4-dinitrophenylmethylnitramine and 
p-nitromonomethylaniline or 2 : 4-dinitrodimethylaniline are similarly treated, the nitramine 
merely changing into methylpicramide. 
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These results, in conjunction with the production of the purple coloar, suggest the possibility 
of an tonic mechanism. Dinit yimethy in a medium of high dielectric 
constant, for example, nitrating acid, might ionize to (VII), which could exist in the canonical 


MeN~ + NO,* Me- 
NO, es No- 
6, 
NO, 


(vit) (VIL) {X.) 


This ionization produces a planar, highly resonating system, with a consequent gain in stability, 
and therefore has some degree of probability. In the presence of nitronium, (X) will be nitrated 
in the ortho-position to yield the highly symmetrical trinitro-ion, but at this stage the solubility 
factor comes into play and this ion combines with nitronium to form tetryl, which is precipitated. 
An ionic mechanism of this kind, which implies an almost instantaneous reaction from dinitro- 
monomethylaniline, would explain the difficulty of isolating any other intermediate. On the 
above view, the distinction between an inter- and an intra-molecular reaction is extremely fine, 
and whilst a nitronium ion at the moment of dissociation is likely to be the nearest to the vacant 
orthe-position it would not necessarily be so. 

Demethylation of 2. 4- Dimitrodimethylaniline.—The accelerating effect of nitrous acid in the 
second stage of the tetry! reactions led us to investigate the action of nitrous acid on 2 : 4-dinitro- 
methylaniline, and we found that it is an effective demethylating agent, converting the latter, 
in 65% sulphuric acid, rapidly in the cold, into 2: 4-dinitrophenylmethylnitrosamine. 

: tive tests show that nitrous acid is a much more rapid demethylating agent than nitric 
acid. Both formaldehyde and formic acid have been identified as products of demethylation, 
which appears to proceed through the following stages : 


Me-N-CHO 
> HCO 


We have no evidence that would indicate the presence of methyl! alcohol at any stage of the 
demethylation, and we have not observed even traces of esters of nitric or nitrous acid. 

Formic acid can be isolated from the tetryl reaction in large amounts, if the temperature is 
not allowed to exceed 60°, and its decomposition by nitrating acid at higher temperatures is the 
main cause of the characteristic “" fume-aff.” 


A 


EXPERIMENTAL. 


Preparation of Tetryi.—Our work was primarily 
the continuous production of poe tt in high yield and quality, the latter being o! t importance for 
service material, which has to t tests for stability (cf. Farmer, J]. 1920, 1433, 1602). The 
following concentrations of LD. Ss com nitrating acid were found suitable. Concentration of the two 
acids were variable over a ae range, but the water content, calculated on the mixed D.M.A.S. and 
nitrating should not vary by more than + 2% 

Preparation of D.M.A.S. Dimethylaniline (60 c.c.) was run into ry sulphuric acid (180 c.c.) with 
vigorous stirring and ice-cooling, the temperature being kept below (local heating can give rise to 
tetramethylbenzidine the acid concentration is not siguificant, bet was used for technical reasons). 

Nitrating acid. 90% Sulphuric acid (360 c.c.; d 1-84) was added to ice (250 g.), with external o 
and 08% nitric acid (227 ¢.c.; @ 1-5) added with stirring. Nitrating acid made with ordinary 70 
nitric acid always gave a slightly lower yield of tetryl. 

Nitration. The main details of the Tre have been given in the Introduction. A convenient 
laboratory scale is to add 60 c.c. of A.S. to 240 c.c. of nitrating acid in a 1-1. round-bottom 

* Quickfit " flask, fitted with three necks to take a dropping funnel, a thermometer, and a stirrer. After 
the addition of D.M.A.S., the dropping funnel is replaced by a wide reflux- -tube to take off the fumes, and 
the experiment should be carried out only in a most efficient fume chamber 

After the “ fume-off " already described, and when it is clear that the of the reaction is 
falling, the reaction vessel is heated in a water-bath for half an hour to the solution and expel 
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Steam The to it in 500 
tetryl and other impurities into the water-soluble 
tra reapectively. After cooling, te 


y meta- 
4:6: N-te thyl ) and picric acid, 
with water, and dried in the air on filter-paper tra 


-Dinutr midrodimethylansline — The above D-M.AS. (00 <.c.) was slowly added with stiring to 
acid ls minutes, the dark red solution was pou 

into water (2-51.) with stirring, and the orange-yellow granular precipitate filtered off, dried, and crystal- 


compound confirmed by 
The above 


main produc 

conditions were chosen to give a excess of D.M.A op to 
nitrous and nitric acids MAS. (60 cc.) was was slowly added with stirring and cooling to 
standard nitrating acid (76 c.c. ; 240 ce. required for a norma! tetryl preparation), and the temperature 
began to 

After being kept overnight, this was filtered off, and the filtrate was diluted with 4—6 times its bulk of 
water and filtered from a reddish tate. After treatment with ferrous sulphate solution and 
peer the liquid was steam-distil ea. 2 |. of distillate were neutralised with aqueous sodium 
of sodium formate, which responded to all the usual 


tho tener to the solid d about hour). The 
reaction mixture was then cooled and had m. p. 178° 
(yield, practically quantitative). 

Whos o cuuat ol al one through the reaction mixture, formaldehyde was detected, by sme!! 
and by formation of the 2: nitrophenythydrazone (Dr. Jones informs us that the corresponding 
diethy! derivative behaves Siasilorty, yielding acetaldehyde). 

2 4- Dinitrophenylmethyinitramine.— -2 : 4-Dinitromonometh ilime (5 nitric 
acid (100 c.c.; d 1-42) and ently warmed to about 40° to com te d After storage in water 
at room temperature for 3 the was p into 800 c.c. olution 

tate separating. ie d off, washed, and dried (5-1 g.), ha . LL, raised to 
willy crystallisation from alcohol. The siframine crystallised in t ye 
C, 34-3, 34-4; H, 2-63, 2-66; N,22-0,21-7. C,H,O,N, H, 25; "29-1%). 


The structure was confirmed by removal of nt ‘the substance with pheno! to 
2: (ct. Mertens, Ber Rec. Trav. chim., 


886, 5, 240). 

This nitramine and the isomeric methylpicramide have the same m. why 
the former has not previously been desc We consider it bie x tee p by 
Hodgson and Turner (/., 1942, 584) by the action of 70 nitric on dimethylaniline, mit obtained to be 
methyipicramide, was actually 2; 4-dinitrophen mine. 

Conversion of 2: 4-Dinitr initramine into Methylpicramide.—-The nitramine (0-2 g.) was 


dissolved in concentrated sulphuric acid (2 c.c.), and the solution was diluted with water (l-6c.c.) Some 
material was first rye apa but dissolved again as the gm rose. After a few minutes the 
solution was diluted with water; the resulting precipitate, filtered off and dried (yield, 0-18 g.), had 


m. p. 111—112° (mixed m. p. with original nitramine, 85° ; mixed m. p. with methylpicramide, 113 ia). 

Yield of Tetryl from Possible Intermediates.—(1) From 2: lime. The dinitro- 
compound (5 g.) was dissolved in 75 ~; uric acid (50 c.c.), and 98% nitric acid (11 ¢.c.) was added 
with stirring, the pee me being —, 40°. Sodium nitrite (0-05 7 ) x then added, and the 
reaction was then continued as described the standard tetryl prepara The product was steam- 
blown and dried. _The yield was 6-4 g. (03 ). 

(2) From 2: (5 g.) was treated asin (1). There 
was no fume-ofl.” The yield (91-3 

(3) From 2: were heated with 24 of 


substance 
nitration acid of composition H,SO, 64, HNO, 15, 1,0 21%, and the nitration completed as in (1), 


being 2-18 g. (91-99%). 
“% From 1 G. of this materia! was nitrated under the same conditions as in 
(3), 12 cc, of The yield was 1-15 g. 
5) "From dimethylpicramide. 2G. of the substance, nitrated as in (3), gave (986%). 
nter- and Intra-molecular Changes.—(a) Tetry! (1-46 g.) in cold concentra (10 ¢.c.) 


should be just faintly yellow weld, 92--93%,; m. p. 128-6-—129". Tetryl crystallises from alcohol 
he fact that both the latter and dimethylaniline give the same final yield of 
jon uses a large excess of aseing eae, Sut twice the amount of D.M.A.S. 

can be used if the reaction is to be used asa tion of the pound. 

Action of Nitrous Acid on 2° ¢) was é 
warming, and to the cold tion sodium nitrite 
was filtered off, washed, and dried (1-6 g.; m. p. . Crystallised from alcohol, it separated in 
yellow hexagonal plates, m. p. 85°, giving no depression with an authentic specimen of 2 : 4-dinitro-N- 


Haines and Warren : 


(1 g.) in the same solvent (10 equimolecular proportions 
under the 


m™. p. and mixed m. p. 115". 

(6) 2. 4-Dinitrophenyimethyinitramine (0-57 g.) and 2 : ¢-dinitrodimethylaniline 
dinsolved in 10 ¢.c. of concentrated sulphuric acid, and the solutions mixed. After being kept 
the solution was poured into water, and the yellow precipitate filtered off Microscopic examination, 
confirmed by showed the products to be methy!picramide and 


of Purple Colour by Intermediates. —A small amount of was 
warmed oo the water-bath standard nitrating &-Dinitrodimeth yi 2: 


te 4 A 2: + A yi 


gave purple colour, methytpicramide did not. 


This work was carried out ender the direction of Professors W. E. Garner, F.R.S., and E. L. Hirst, 
Dr. A. Forster for ng his wide experience in tetry! a at our disposal, and to H. D. 
= use certain of their results. Our best 

are due toall the above-named and to Drs. W. JT W. McOmie for helpful discussion. 


Tax Barsrot, 8. (Received, March 2nd, 1950.) 


323. The Euphorbia Resins. Part 1V. A Comparative Study of 
Euphol and Tirucallol. 
By W. Hates and Frank L. Warren. 


It ts shown that in tirucallol the hydroxy-group is secondary and the isopropylidene group 

my! and tirucalleny! acetates are oxidised by chromic acid to diketoeupheny! acetate 

yl acetate which contain the grouping ~—CO-C=o—-CO— and are reduced 


Land acetates, respectively. 


to dihetoeuphany 
Eupho! and tirucallol are thus isomenc tetracyclic trherpenes, CoH containing the 


groupings >CH-OH, —CH=CMe, and —CH,-C—C-—CH,— is converted 
into dthetotirucallane which is different trom aaakegllone. 
Born euphol (euphadienol) (cf. Newbold and Spring, /., 1944, 249; Jeger and Krusi, Helv. 
Chim. Acta, 1947, 30, 2045; McDonald, Warren, and Williams, /., 1949, 155) and tirucallol 
(tirucalladienol) (cf. Haines and Warren, j., 1949, 2554) have been shown to be tetracyclic 
triterpene alcohols, C,,H,,O, containing an tsopropylidene group and an inert double bond. 
We have now shown that tirucallol, like euphol, contains a secondary hydroxy! group since 
dehydrogenation of tirucallol and tirucallenol gives tirucalladienone (oxime, C,,H,ON, m. p. 
218-—-220°) and tirucalienone, m. p. 62-—04° (oxime, m. p. 236°5—237°5" ; semicarbazone, 
m. p. 214-215") respectively. These two ketones from tirucallol are different from the 
corresponding ketones prepared previously by Bennett and Warren (J., 1950, 697) from euphol. 

To obtain further information on the mode of linkage of the isopropylidene group, tirucallyl 
acetate dibromide, C,,H,O,Br,, was boiled with alcoholic potash : Uo! 
CyH,OBr, further characterised as its acetate, C,,H,,O,Br, was obtained. This behaviour is 
similar to that found for euphy! acetate dibromide by McDonald ef ai. (loc. cit.) so that the 
isopropylidene group is similarly joined in euphol and tirucallol and is probably not attached 
directly to a ring. 

In @ previous communication it was shown that euphenyl acetate was readily oxidised to 
mono- and di-ketoeupheny! acetate, in which respect it paralleled the behaviour of cryptosterol, 
lanosterol, and elemolic acid. This oxidation has been repeated with larger quantities to study 
further the nature of the inert ethylenic linkage. Diketoeuphenyl acetate has now been 
obtained melting at 106—107° [previously reported by McDonald ef al. (loc. cit.) as melting at 
97") and is hydrolysed to diketoewphenol, Diketoeuphenone, C,,H,,O,, was obtained 
by direct oxidation of euphenol with chromic acid. 

The light-extinction curve for ket heny! acetate in hexane showed a pronounced 
maximum at d 246 my. (log «., 4°05) which, corrected for alcohol as solvent, gives 2, 253 mp. 
(Woodward, J. Amer, Chem. Soc., 1941, 63, 1123) and is indicative of an «8§-trisubstituted 
af-unsaturated ketone, as was found by Dorée, McGhie, and Kurzer (/., 1948, 988) for 


was added to 2: 
of reactants) 
precipitate Gitered off. E 
picramide, with no indication of unchanged materia 


from has been suggested by Dorée ef al. (Joc. cit.) 

The 1 : 4-arrangement of the keto-groups in diketoeuphenyl acetate is probably such that 
less than that of the henyl acetate which is more strongly adsorbed on a column 
of alumina than is the diket nd Furthermore, diketoeuphenyl acetate failed in our 
hands to give a pyridazine when heated with b 

The chromic acid oxidation of tirucallenyl acetate gave a difficultly separable mixture of 
mono- and di-keto-compounds, but prolonged oxidation gave pure dikefotirucallenyl acetate, 
readily hydrolysed to dihetotirucallenol, C,,H,,O,. The extinction curve of 
diketotirucallenyl acetate shows a maximum similar to those found for the corresponding 
compounds from euphol and lanosterol, and the chromophoric grouping is certainly similar. 


Monoketone. Diketone. 


+08 


Thus both euphol and tirucallol possess a secondary hydroxyl and the groupings --CH—CMe, 
and —CH,—C—C—CH,— In onder to Gnd whether the hydsocerton chelstons were the 
same, attempts were made to dehydrate euphol with phosphorus pen 
Attempts to prepare the hydrocarbon by the Wolfi- 
Kishner reduction of tirucallenone semicarbazone, as well as by the modified Clemmensen 
reduction of the ketone (cf. Dorée, McGhie, and Kurzer, J., 1947, 1468), gave only oily products. 
The appreciable increase in melting point recorded by Dorée, McGhie, and Kurzer (1948, Joc. cit.) 
on reducing diketolanosteny] acetate to diketolanostany] acetate led us to attempt to reduce the 
inert double bond in euphol and tirucallol in a similar way, with a view to obtaining 
later crystalline derivatives of the fully saturated deoxy-compounds. The yellow diketo- 
euphenyl acetate was hydrogenated smoothly with Adams's catalyst and hydrogen to give 
colourless diketoeuphanyl acetate, C,,H,,O,; but, when reduction was attempted with zinc in 
either hot or cold acetic acid, colourless compounds were obtained which appeared from 
analyses to be impure. Furthermore, diketoeuphanyl acetate on hydrolysis failed to give a 
crystalline alcohol. The hydrolysis product, however, on oxidation with chromic acid gave 
dthetoeuphanone, CygH,,O,, also obtained by the catalytic reduction of diketoeuphenone. 

Dihetotirucallenyl acetate was readily hydrogenated either catalytically or with zinc and 

di 


+783° 
+172-6¢ 165—167* +121-1* 
, and Mubr, Helv. Chim. Acta, 1944, 27, 472. * Dorée, McGhie, and Kurzer, /,, 
private communication. 


Bennett and Warren (loc. cit.) was not met with on heating firucallyi ¢ 

was recovered unchanged after being boiled with pyridine. ercatecteneterscamedietts 
on tirucallenol gave an oily product which was hydrogenated to an oily compound, probably 
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ketolanostenyl acetate. Furthermore, diketoeupheny! acetate showed a pronounced shift in 
the absorption maximum towards the red similar to that found previously for diketo- 
lanostenyl acetate for which the chromophoric grouping -—-CO-—-C—C-—-CO-—, formed 
Euphenyl acetate 405 275 304 
Tirucalienyl acetate 274 3-08 
Lanostemy] acetate 255 275 304 
dihetotirucallanol, CyHy,O,, which in turn gave diketotirucallanone, C,,H,,O,. The physical 
constants for these compounds, compared with those for lanosterol, are shown in the table. 
Diketodihydro-compound, Diketotetrab ydro-compound, 
m. p. [alp. mM. p. 
Euphyl acetate +26-7° 190—191-5° ~15-2° 
Tirucallyl acetate 136-—136 222—224 
* Ruzicka, Rey 
1948, 988. * McG 
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tirucaliene, which with chromic acid gave a yellow oil. Attempts to obtain crystalline 
compounds at the different stages failed. 
colourless dikelotirucaliane, m. p. 130-—141", which was different from diketoeuphens, m. p. 
112-—113°, prepared by reduction of diketoeuphene. 


EXPERIMENTAL. 
Microanalyses are by Dre. Weiler and Strauss, Oxford. M. p.s are uncorrected. 
and Williams (Joc. et4.), and diketoeu te crystallised from chloroform-methanol in brittle 
needies, m. p. 106-107", (el (Pound 769; H, 10-2. C, 77-1; 
10-1%). The light-extinction curve in hexane showed Agog 268 my., log tues. acetate 
(1-5 g.) was boiled under refiux for 3 hours with (100 mi). The 


116 (elf +32-1° in (ce, 1-06) (Pound : C, 786; H, 10-45. 


in glacial acetic acid (0 ml) was t ted with ic acid 
water, and extracted with ether. The ethereal solution, washed with sodium carbonate tion, 


gavean oil. The oil im light petroleum was filtered through activated alumina (250 g), and the column 
washed with light petroleam (2-5 |.) and developed with light petroleum-benzene (8 1.). The different 
fractions all gave yellow oils (total weight, 6 g.) which, d 1) and set 
aside, gave waxy solid, which, « lised several times fr vy 
as light felted needies, 63-4", ) (Found 74. 
H, 104%. C, 1 2; 2% 

Acetate -Diket (900 in acetic acid (45 ml.) and platinic 

oxide (200 mg absorbed rogen during 30 mnutes (observed, blank: 36-0 ml.at N.T.P. Cale. 

for 1 mol. 74 mi). The product from chloroform-methanol to aes 
sublimation at 140-150" in a high vacaum, the had m. p. 196-—190° (Found: C, H, 
104. CyH yO, requires C, 768; H, 104%). It gave no colour with tetranitromethane. 

Dihetoe, eone.—(a) Diketoeuphany! acetate (2-6 g.) was hydrolysed as described for diketo- 
eupheny! acetate. The uct in benzene (75 ml.) and glacial acetic acid (15 ml.) was treated with 
stirring below 5° with 10% aqueous chromic acid (25 ml.) during 10 minutes, and stirring continued for 
I hour, Benzene was to dissolve the separated tarry mass, and the solution was treated with 
excess of sulphur dioxide. The benzene layer, washed with aqueous sodium hydroxide and water, 
gave an ofl which was dissolved in t setichenen and Gitered through alumina (16 g.). The filtrate 
gave a colourless oi) which, dissolved in chloroform-—methanol and set aside, deposited an amorphous 
solid. The mother-liquors gave crystals which, crystallised 3 times from methanol, gave a small yield 
of dthetoruphanone as colow plates, m. p. 186—187°, —144-7° in chloroform (c, 0-653) (Found 
Cc, TH 8; 10-6. C, 7895; H, 10-5%). 

(6) tketoeuphenone ) in glacial acetic acid ( the presence of 
Adams's catalyst (50 In minutes 0-9 mol. of hydrogen had been absorbed. After 12 hours 
the product was cryst from methanol to give m. p. undepressed 
when mixed with a specimen from (a) 

Diketoeuphane — Euphene. obtained from euphatriene (cf. Bennett and Warren, Joc. c1t.), was oxidised 
to diketoeuphene as described by Roth and Jeger (Helv. Chem. Acta, 1949, $2. 192: 1625). 

(a) Diketoeuphene 100 mg.) lacial acetic acid (30 mi.) and zinc dust (400 mg.) were boiled for 
2 hours. The ethereal extract, re aqueous sodium hydroxide and water, gave an oil. This 
oil in light petroleum was fitered | through chemtina (5 g.), and the colourless oil 3 times from 
methanol, gave dthetoewphane as cane felted needles, m. p. 112-—113° (Found : C, 81-9; H, 11-3 

Cyt, ,O, requires C, 81-8: 11.0% 

(b) Diketoeuphene was hydre ted at 60 atmospheres for 6 hours in ne Fee of Adams's 
catalyst; the product, crystall as above, gave diketocuphane, m. p. 106-—110°, undepressed when 
mixed with as imen from (a) 

Tirwcaliyl oluene-p- sulphonate —-Tirucallol (1-9 g.) was treated with tol p-sulphony! chloride 
2g) ia pyridine | 10 ml.) on a water-bath. The product in dry ether was chromatographed through 
alumina (49 ¢.). Fraction (1), 4) mi., eluted a solid (0-6 g.) which crystallised from aqueous acetone to 

ve colourless needles of tirwcallyl tolwene- p sulphonate, m. p. (Found 76-4; H, 102, 
requires C, 76-5; H, S, 55%). Fraction (2), 450 ml., eluted tirucallol (1-25 g.) 

Twrwealladienone Ovime.—Tirucallol, treated with c in a vacuum or with copper oxide at P 
for 10 minutes in an atmosphere of carbon dioxide, failed to give a crystalline ketone. Ttrucalladienone 
crystallised from methanol in large, thin lamioz, m. p. 218-—-220°, (a)? —71-8° in chloroform 
(e, 1) (Found: C, 81-9; H, 11-3; N, 3-16. requires C, 81-0; H, 11-2; N, 319%). 

Tirucalienone. Tirucallenol (2-5 g.) was heated with copper oxide (600 mg.) at 300° for 10 minutes 
in an atmosphere of carbon dioxide. The reaction product in ae petroleum (b. p. 50—70°; 50 ml.) 
was filtered through freshly activated alumina (20 g.). the material obtained from the filtrate, crystallised 
once from acetone and 3 times from methanol, gave tirucallenone as fine, colourless needles, m. p. 62— 
64°, in chloroform 1-02). A depression of 15° was observed on admixture with eu 
(Pound: C, 83-0; H, 11-6. requires C, 84-46; H, 11-68%). Tirucailenone orime crystallised 
from ethanol in pearly plates, m. p. 236-5—237-5", (a! 66° in chloroform (c, 1) (Found: C, 81-2; 
H, 11-6; N, 266. CH,,ON wires C, 81-6; H, 11-6; N, 316%). Tirwcallenone semicarbazone 
crystallised once from ethanol 3 times from acetone methanol as pearly plates, m. p. 214—215° 


q 
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108) (Found : C, 76-9; H, 10-9; N, 92. C,,H ON, requires C, 774; 


N, & 
— 4-5 g.) was oxidised with chromic (45 g.) as above. 
was filtered through alumina (150 g.) and 
successi with same solvent (5 .), light petroleum-—benzene (5. 1; 31.) and finally light petroleum- 


benzene (1:1; 2 L) to give yellow crystals (26 g.) with m. p. varying between 126° and 

acelale as 
H, 161. hexane ABN, 
for 3 hours and oa crystallisation from methanol, 4: felted needies, 
m. p. 136-137", in chloroform (¢, 1) (Found: C, 78-0; H, 10-6. uires C, 

: . tom with pyridine and acetic anhydride gave diketotirucallen y! acetate, 
m. p. 136-—136", undepressed on admixture with specimen. 

—Diketotirucalieny! acetate ( mg.) was hydrogenated as above (observed 
Calc. for Lmol. 26-0 mi). The product crystallised from chloroform 
(c. 0-63) (Found : C, 77-1; H, 10-6. C,,H,,O, requires C, 76-5; H, 10-4 t gave no colour with 
tetranitromethane. The acetate (200 8% alcoholic potassium 
hydroxide (50 ml.). from methanol to give diketotirucailancl as 
CHO, requires C, 78 H, 710%) 

hour. The same ure in working up the pr P [oe Gee ee 

reaction product was taken and acetone, and crystallised 4 times 
from acetone, to give diketotirucallanone as needles, m. p. 230—231°, fa)? —168-2° in 
chloroform (c, tea C, 77-7; H, “10-5 . After sublimation at 160° in high vacuum, the 

224° (Found : é, 78-7; 10-5. C,H 78-05; 10-56%). 

(5 mi.) was with shaking to a ution of 
tirucallenol 4 g.) in yridine (30 ml.), for 14 hours, and boiled for 
5 minutes. wold solution was red slowly on crushed ice and extracted with ether. The ethereal 
solution, washed with a tee Geta hioric acid and then with water until neutral, gave a yellow 
oil which was run in light petroleum of alamina (30 g.). A colourless oil 
which could not be crystallised. This oil (1-6 g.), in a mixture of glac acetic acid and ethyl acetate 
100 ml.), was shaken for 12 hours with Adams's catalyst (50 mg.) and hydre at 120° /50 atmospheres. 

product was cr hgh a dissolved in light petroleum (250 ml.) and chromatographed 
Sarees alumina {100 ve only colourless glassy oils which could not be crystallised. The 

te acetic acid (09 mal.) wes treated with chromic acid (1-3 g., 
wee acetic acid at 90° for 4 hours. The neutral product in light petroleum run through alumina gave 
a few yellow crystals, m. p. 114116", but the main eluate was obtained asa yellow oil. This re mg.) 


was reduced by amalgamated zinc in boiling acetic acid, the product in light petroleum fil through 
alumina (5 g.) and crystallised 6 times from methanol, to give dibetosirucallone as colourless fe needles, 
m. p. 130—141° (Found; C, 81-8; H, 10-8. C,.H,,O, requires C, 81-8; H, 10-09%). 

Firucallyl Acetate Dibromide. —Tirucally! acetate (1-6 g.) in carbon tetrachloride (15 ml.) was treated 
with solution (20 ml.) of bromime in the eame solvent. y absorbed. 
solvent was removed under reduced re and the prod product crystallised 3 t times from acetone, to give 
tirucallyl acetate dibromide as colow plates, m. p. 150-—160° (Found: C, 61-6; H, 84; 2. 


Br, requires C, 61-2; H, Br, 26-4%). 

Monobromotirucallol—The above dibromide (1-5 g.) was refluxed with 3% alcoholic potassium 
hydroxide (100 ml.) for 4 hours and then red into water. The insoluble product was crystallised 
from acetone—methanol (1 : 1) to give omotirucaliol as colourless plates, m. p. 179-—-180° (Found : 
C, Til; H, 99; Br, 161. C,H,,OBr requires C, 71-3; H, 97; Br, 15-8%). Monobromotirucallyl 
acetate, obtained from the alcohol (400 mg.) by boiling it with acetic anh pyridine, a 
from acetone-methanol as colourless needles, m. p. 173-—174° (F : C, 70-5; H, 02; , 16-2. 
CyH,,0,Br requires C, 102: Br, 146%). 
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324. Anhydrides of Polyhydric Alcohols, Part XIV. Observations on 


the Ring Scission of 1 ; 2-5 : 6-Diepoxyhexane and 3 : 4-isoPropylidene 
1: 2-5 6-Dianhydromannitol. 

By L. PF. Wiocis and D. J. C. Woop. 

1: 2-6 ; 6 Diepoxyhexane (I) has been prepared in good yield treatment of hexa-l : 5- 
the action of various reagents with the formation of either cyclic or straight-chain products. 
Woeter Sing of (1) and given sno to 9: ydrofuran. 
acid and (I) furnish ; ammonia 


( ve what is believed to be 5-h -2-hydroxymethy! widine. 
yimagnesium iodide (1) gives 6-di-todo-2 
diepoxide, ae lidene 1: 2-6 


In view of the interest currently being shown in diepoxy-compounds it seems opportune to 
describe the results of our work on the chemical properties of two such compounds, 1 : 2-5 : 6- 
diepoxyhexane (I) and 3: 4-isopropylidene 1 ; 2-6: 6-dianhydromannitol (II). Wiggins (loc. 
ev.) has demonstrated the extreme lability of the epoxide rings of (II) towards both acidic 
and alkaline reagents. 3: 4-Ethylidene | : 2-5: 6-dianhydromannitol (III) was studied and 
in this also the epoxide rings were shown to be very readily attacked by hydrolytic agents. 
Because of the interesting properties of (II) and (III) the simpler analogue, | : 2-5 : 6-diepoxy- 
hexane (1), was prepared, its reactions towards various reagents examined, and its behaviour 
compared with that of the mannitol derivatives, (IT) and (III). 

Bigot (Ann. Chim., 1891, 22, 441, 447) treated epichlorohydrin with sodium and obtained 
@ liquid of formula C,H,,O, which he believed to be “ diallyl dioxide.” Przybytek (Ber., 
1885, 18, 1352) treated hexa-1: 5-diene with hypochlorous acid and obtained “ dichloro- 
hexyleneglycol "’ from which, on treatment with potassium hydroxide, was produced a liquid 
of the same composition. The reported properties and reactions of these two products sug- 
gested that they may have been essentially (I) but no evidence was advanced by either of 


these workers, nor has any been reported since, which proved the structure of their products. 

1: 2-5: 6-Diepoxyhexane (I) has now been prepared by the smooth oxidation of hexa- 
1: 5-diene with perbenzoic acid. The diepoxide is readily isolated and purified and may be 
obtained in about 70% yield. 


H, H,X H,X 
-H HOH 
H, H, 
HOH ‘o” 
nk OH x 
H,X 
(Itv.) (Vv) 
(X = OH, Cl, OMe, ete.) 


It is clear that three isomeric forms of (I) are theoretically possible and that this prepar- 
ation should give a mixture of a meso- or cis-form and a racemic or trans-form composed of 
two enantiomorphs. That such a mixture is actually formed when hexa-| : 5-diene is oxidised 
with perbenzoic acid is demonstrated by the fact that whenever crystalline materials are 
isolated from a reaction carried out on the product, they are invariably found to be mixtures 
of isomers, It has not been possible to show, when liquid reaction products are obtained, 
that these are also mixtures of isomers, but it is likely that the individual constituents would 
have closely similar boiling points and indeed be extremely difficult to separate. 

It has been found (Wiggins, Joc. cit.) that each ethylene oxide ring in the 1 : 2-5 : 6-dianhydro- 
derivatives, (IT) and (III), of mannitol reacted quite independently of the other, ring scission 
leading to the addition of the anionic part of the hydrolytic agent to the mannitol molecule at C, 
and C,, giving rise to compounds of type (IV). It has been found, however, that 1 : 2-5: 6-di- 
epoxyhexane (1) behaves differently inasmuch as it gives rise to two distinct types of reaction 
product, depending on the nature of the reagent used; namely, (a) derivatives of hexane-2 : 5- 
diol (V), and (6) 2: 5-disubstituted derivatives of tetrahydrofuran (VI). Type (¢) must arise in 


The analogous 
milarly with the 
tum methoxide, 
tions of both of 
above diepoxides with lithium also described. 
‘ 
Hv H« 
cH, He 
4 
(al 
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a similar way to the ring scission products of 1 : 2-5 : 6-dianhydromannitol derivatives; type (d) 
are all such that one of the substituents at C, or C, of the tetrahydrofuran ring is a hydroxy- 
methyl! group whilst the other is a methyl group substituted by the anionic part of the reagent 

. The occurrence of type (6) products may be explained on the assumption, supported 
by statistical considerations, that the reagent attacks one oxide ring first, producing a mono- 
epoxy-derivative; the hydroxyl group liberated at one end of the molecule then immediately 
effects cleavage of the residual ethylene oxide ring, thereby forming the tetrahydrofuran 


nucleus : 


A third type of product, a piperidine derivative, has been obtained in one instance (the reaction 
of diepoxyhexane with ammonia), but its formation is explicable by a modification of the 
remarks. 


The reasons why type (6) reaction does not always occur is not clear, but certain explanations 
suggest themselves. There is undoubtedly a tendency for any suitable 2 ;: 5-disubstituted 
hexane to undergo ring closure to form a tetrabydrofuran derivative, as is shown by the ease 
with which hexane-2 : 5-diol itself is converted into 2: 5-dimethyltetrahydrof The 
suppression of this tendency may be due to one of the following causes: (i) the addition of 
the group X at C, and C, instead of at C, and C,, (ii) the inability of the hydroxyl group 
formed on scission of the first ring to attack the second ring, the latter subsequently being 
opened by another molecule of reagent. 

With regard to (i), most published work relating to scission of oxide rings located at the 


atom addition during the ring scission of diepoxyhexane ; 
contrary has been obtained. 

The effect outlined in (ii) above might be due to some influence exerted by the group X 
attached to the terminal carbon atom, but a more probable explanation arises from the 


oxide ring 
ring only when the hydroxyl group formed during this initial 
extent; if this were the case then a difference between the courses 

in non-polar solvents would be expected. It is of significance 

readily undergoes ring scission with ammonia in methyl alcohol, it is quite 
ammonia in ethereal solution. The real course of reaction (6) may be: 


H, 
0 


the isopropylidene group itself; this orientates the addenda of the 
formed by this residue at C, and C, of the mannitol molecule in such a way [see (VII)) as to 
make ring closure impossible. From scale-model studies it would appear, however, that 
ring closure between C, and C, could occur in, for example, 3 : 4-isopropylidene talitol to give 
(VIII), though such a compound is as yet unknown. 

Su 


(X = OH, Br, Cl, or OMe.) 
the termina] carbon atom. Some evidence has, however, been given supporting the alternative 
effect; for example, Swern, Billen, and Knight (J. Amer. Chem. Soc., 1949, 71, 1152) have 
shown that the acid-catalysed reaction of propylene oxide with allyl alcohol can give rise to 
2-allyloxypropan-1-ol in addition to the normal product of the alkali-catalysed reaction, 1-allyl- 
oxypropan-2-ol, and that 3: 4-epoxybut-l-ene gives chiefly the primary alcohol when treated 
with allyl alcohol under alkaline or acid conditions. Nevertheless, in the work now described 
no experimental evidence has been forthcoming to support the theory of secondary carbon- 
observation that tetrahydrofuran derivatives result only when reactions with the diepoxide 
(I) are carried out in polar solvents, ¢.g., water and methanol, whilst open-chain compounds 
are invariably formed from reactions in non-polar media, such as benzene or ether. This 

ion of the first 

ionise to some 

28 in polar and 

diepoxyhexane 

unafiected by 

The scission of the second epoxide ring by the oxide anion may have operated either at (*) 
or at (y). Previous experience in the sugar series has shown that (y) should have been the 
main point of attack; it can only be surmised that the possibility of formation of a five- 
membered ring outweighed this tendency. The formation of tetrahydrofuran derivatives from 
3 : 4-tsopropylidene 1 ; 2-5 : 6-dianhydromannitol is, of course, precluded by the presence of 


are, J. Amer. Chem. Soc., 
nota all indicative ofthe presen of 
f-sulphony! chloride in pyridine solution furnished 


derivative of tash ydroxymethyltetrah ydrofuran, which 


2: Di(tol yloxymethyl) h (IX; X = TsO) (Newth and Wiggins, /., 
1948, 165) has m. p. 128°, and the m. pP. of @ mixture of the two derivatives was found to lie 
between the two individual values. The X-ray powder photographs of the two substances were 


yn 


JCH(OHyCHy CH-CHy 
HCH 
“CH, 


(VUL) (x) 
cH, 


cH, —c 
HOCH,CH HOCH,CH HO-CH CH-OH 
\N cat 
(xt) 


indistinguishable, The ditol p-sulphonyl derivative of liquid (A) therefore consists at 
least partly of (IX; R « TsO). "Treatment of the toluene-p-sulphonyl derivative of (A) 
with sodium todide in dry acetone gave rise to two equivalents of sodium tol p bh 
indicating that both tol p-sulph nyt i were attached to primary carbon. atoms. 
Final proof that the tol p-sulp yl derivative of (4) contained (IX; X =— TsO) was 
given by ita reaction with methy/-alcobolic ammonia, which aflorded 2: 1)- 

estane (x) (Newth and Wiggins, loc. ci.), This was confirmed by the preparation of the 
tol Iphonate, picrate, and oxalate, all of which had properties in agreement with 
those recorded by Newth and Wiggins. 

The t psulphony! derivative of (4) was separated by fractional crystallisation, 
with some difficulty, into two constituents, one having m. p. 118-—122°, undepressed on admix- 
ture with (IX; X « TsO), and the other having m. p. 96-—-99° and the same composition, 
CyH,,O,S,. Efforts further to separate these into products of sharper melting point were 
unsuccessful. 
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When (1) was treated with boiling water a liquid (A) resulted. It might be expected that 
when hydrolysis of the oxide rings occurred it would lead to the formation of | ; 2 : 6 : 6-tetra- 
hydroxyhexane but the product actually obtained showed properties which did not agree 
with this con © Hockett 
McClenahan's proced 
consumption of reage 
(see Fig. 1). Treat 
crystalline ditoluene-p-sulphony 
after three recrystallisations from had p. 

Fis. 1. 
1 1 we 
me (hours). 


derivative of (4) proved to be a mixture provides 
support for the postulated existence of | : 2-5 : 6-diepoxyhexane (I) as a mixture of isomers. 

by the two products, m. p. 06—09° and m. p. 116-122"; from this 


and Wiggins (loc. ct.) by the hydrogenation of 6-hydroxymethyiturfuraldehyde would appear 
on the other hand, to be one distinct isomer (although it is not yet possible to state which) 
derivative. 


Since the liquid (4) has now been shown to be 2; &-bish 
the structure of the diepoxyhexane from which it was obtained must follow as (I). 


also been studied. Wiggins (loc. cit.) showed that the oxide rings in this compound were very 
labile to both acid and alkaline reagents, but did not 

investigate the action of boiling water alone. This Fre, 2. 
reaction has now been found to yield 3: 4-isopro- 20, 


When (I) was treated with fuming hydrochloric 
acid a violent reaction occurred and only tarry matter " 
was obtained. The diepoxide reacted vigorously with } 
concentrated hydrochloric acid, but a smooth reaction ’ 
occurred with dilute acid although some heat was 5 


X == Cl). 
acetate this compound exhibited closely similar be- 3 
haviour to the bishydroxymethyltetrahydrofuran (A) 
(see Fig. 1), indicating the absence of vicinal hydroxy- 
groups and suggesting the presence of the tetrahydro- 
furan nucleus. Proof of this structure was afforded by the fact that treatment with thionyl 
chloride in pyridine gave 2 : 5-bischl ethyltetrahydrofuran (IX; X = Cl) having constants 
in agreement with those recorded by Newth and Wiggins (/oc. cit.) for the product of the direct 
chlorination of 2 : 5-bishydroxymethyltetrahydrofuran. 

With methyl alcoholic sodium methoxide, (I) gave a compound shown to be 5-hydroxy- 
methyl-2-methoxymethyltetrahydrofuran (V1; X — OMe) by its conversion into 2: 56-bis- 
methoxymethyltetrahydrofuran (IX; X = OMe), which was synthesised for comparison by 
the direct methylation of 2 ; 5-bishydroxymethyltetrahydrofuran. 

When (I) was treated with methyl alcoholic ammonia a basic liquid (C) was obtained ; 
this was shown to have the formula C,H,,O,N, and the structure, 5-hydroxy-2-hydroxymethy]- 
piperidine (XII), has tentatively been assigned. This formed a liquid triacetyl derivative 
containing two acetyl groups hydrolysable with alkali; thus the derivative contained two 
Evidence for the inclusion of the nitrogen atom in 

ring and the rejection of a tetrahydrofuran-type structure arises from the 
tion of two equivalents of oxygen (see Fig. 2). If the hetero-atom in the ring system were 
oxygen, no such oxidation would take place because it has been shown that the grouping 


HO-CH,CH-O-CH: does not react with periodate under the conditions employed (see Jackson, 
“ Organic Reactions,” Vol. Il, page 341; John Wiley, 1947). Conclusive evidence that the 
mann test was obtained. Thus, on the basis of the above facts, three structures only, (XI), 
(X11), and (XIII), are possible for the base (C). 


Time (mins) 
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can be inferred that the liquid (4) consists of the cis- and the frens-form of 2 5-bish ydroxy- 

point. This is difficult to explain because it would be expected that addition of hydrogen 

to the planar furan ring would lead to the production of a mixture of approximately equal 

The other 

Tuctures for the poxiuc, 1. OF 0, CANNOT be Correct because 

hve-, six-, or seven-membered oxide rings could not undergo ring scission under such mild 

conditions as obtain here. 

pylidene mannitol. Cyclisation to a tetrahydrofuran © 

derivative is not possible for reasons already given. 

to be 2-chloromethyl-5-hydroxymethyltetrahydro 2 os 


react with sodium iodide, but, in order to confirm this, N-tol ? 
treated with sodium iodide under the usual conditions; no sodium t 
sulphony! derivative in which two sulphonyloxy dues could be replaced by sodium iodide 
whilst (XIII) would give a derivative containing no replaceable culphonylony- ~fenidues. Only 
(X11) would yield a derivative which contained a single yl 


of sodium tol 
view of these tacts we tentatively ascribe to the base (C) the structure er S 
designed to prove this structure conclusively is being carried out. 

rings suffers ring opening with ammonia giving a monoamine (XIV), the amino-group of which 
has a greater affinity for the second epoxide ring than has the adjacent hydroxyl group, thus 
instead of a tetrahydrofuran derivative 


(XIV) 


1; 2-5: 6-Diepoxyhexane reacted smoothly with lithium aluminium hydride employed 
according to Nystrom and Brown's procedure (J. Amer. Chem. Soc., 1947, 69, 1197). The 
product was hexane-2: 5-diol, and no tetrahydrofuran derivative was encountered. The 


hexanediol was characterised by the formation of a crystalline ditol p-sulphonate, which 
was separated by fractional recrystallisation into two isomeric compounds, (i) m. p. 71—74", 
and (ii), m. p. 113-114". These are doubtless the ditol p-sulp tes of the meso- and 


the racemic form of hexane-2 5-diol. p-sulphony! derivatives 
were obtained from hexane-2 : 5-dicl prepared by hydrogenation of acetonylacetone in the 
presence of copper chromite (Hill and Adkins, /. Amer, Chem. Soc., 1938, 60, 1033). In 
addition, the lower-melting isomeride was found to be identical with a tol p-sulph " 
derivative obtained by Newth and Wiggins (unpublished) from the acetolysis product of 2: 
dimethyltetrahydrofuran. Here again it is interesting to note the isolation of two eaaeiiie 
from the reaction with diepoxyhexane whilst the production of the same compound from a 
furan derivative yields only one of them. 


HO-t—H 
H-—C—OH 
(XV) (XVI) 


3. 4-tsoPropylidene |: 2-5: 6-dianhydromannitol reacted similarly with lithium aluminium 
hydride giving 3: 4-ssopropylidene 1 6-dideoxymannitol (XV; X H). The structure of 
this product followed from the fact that acid hydrolysis furnished 1 : 6-dideoxymannitol 
(XVI; X « H), identical with that obtained by Wiggins (Nature, 1949, 164, 672) by the sodium- 
amalgam reduction of 1: 6-dichloro | : 6-dideoxymannitol, and by Micheel (Annalen, 1932, 
496, 96) by the action of molecular silver on | : 6-dichloro 2 ; 4-3 : 5-dimethylene 1 : 6-dideoxy- 
mannitol and subsequent hydrolysis. 

The action of Grignard reagents on oxide-ring compounds has been investigated by several 
authors, notably by Blaise (Compt. rend., 1902, 134, 557) and by Grignard himself (idid., 1903, 


1570 Wiggins and Wood : 

Treatment of the base (C) with toluene-p-sulphonyl chloride gave a hard glass which was 
probably a tritoluene-p-sulphonyl derivative; the fact that this product showed a neutral 
reaction in aqueous alcoholic solution indicated that the heterocyclic imino-group had under- 
gone toluenc-p-sulphonation in addition to the hydroxyl groups. On being treated with 
sodium iodide in acetone solution this compound yielded 1-2 moles of sodium toluene-p- 
sulphonate, and a product containing nitrogen, sulphur, and iodine. This indicated that 
only one toluene-p-sulphonyloxy-group was attached to a primary carbon atom. From 
theoretical considerations it appears impossible that the N-toluene-p-sulphonyl group could 

The action of acetic anhydride in methyl alcohol on (C) gave a liquid N-acetyl derivative, 
which on treatment with toluene-p-sulphony! chloride yielded a partly crystalline ditoluenc-p- 

P sulphonyl compound. This, with sodium iodide in acetone solution, gave rise to one equivalent 


Acid.—To a solution of acid (25-7 


with Perbensorve 
Chem. Soc., 1929, 61, 2266) was added; the solution was kept at 0° with 
Gaston tho beer. (8 of tho ot intervals 


each was added to potassium iodide (about 0-5 dissolved in water (10 c.c.) acidified with acetic 
acid, and the liberated iodine titrated with 0-0197»-sodium thiosulphate solution. The consumption 
of perbenzoic acid (mols. per mol. of hexadiene) was as follows : 


70 225 119 191 
030 «085 1-39 170) 176 1-79 1-62 


g-, 66%) with a faint, b. p. 86—88°/15 mm., aif 1 (Found. C, 634; H, 6-4. 
requires C, 68-1; 


ction of Water on 1:3 
with water (100 c.c.) for 18 


~The syrup (A) (0-45 g.) was dissolved 
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136, 1260); ethylene oxide, for example, was found to react with ethylmagnesium bromide to 
give chiefly ethylene bromohydrin. When | : 2-5 : 6-diepoxyhexane was treated with methyl- 
magnesium iodide in ether a mixture of two isomeric crystalline di-iododihydroxyhexanes was 
formed. This was easily separated, by virtue of the different solubilities of the constituents 
in ether, into an isomer of m. p. 94-—05° and one of m. p. 116--117°. These are assumed to 
be the meso- and the racemic form of 1 : 6-di-iodo-2 : 5-dihydroxyhexane (V; X= I). It was 
hoped that confirmation of this could be accomplished by the preparation of a ditoluene-p- 
sulphonyl derivative and its subsequent treatment with sodium iodide, but an attempt to 
prepare such a derivative in pyridine solution led only to the formation of a liquid product 
which contained free iodine. The same result followed attempts to acetylate and benzoylate 
the iodo-compound. Evidence providing considerable support for the structure was, how- 
ever, obtained from the reaction of 3: 4-isepropylidene | : 2-5 ; 6-dianhydromannitol with 
methyimagnesium iodide. This led to the formation of 1: 6-di-iodo 3: 4-isopropylidene 
1 : 6-dideoxymannitol (XV; X = I), the structure of which was proved by hydrolysis with 
acid to give 1: 6-di-iodo 1 : 6-dideoxymannitol (XVI; X = I) (identical with that obtained 
by Wiggins J., 1946, 384), and subsequent conversion of this into | : 6-di-iodo 2 : 4-3: 5-di- 
methylene | ; 6-dideoxymannitol (Micheel, loc. cit.). Since | : 2-6: 6-diepoxyhexane has been 
shown to behave in an exactly analogous manner to 3 : 4-isopropylidene | : 2-5 : 6-dianhydro- 
mannitol towards lithium aluminium hydride, it appears legitimate to extend the analogy 
to the reactions with methylmagnesium iodide (which itself resembles the hydride in many 
respects); hence it may be inferred that in the latter case scission of the oxide rings in diepoxy- 
hexane occurs in the normal way giving | : 6-di-iodo-2 : 5-dihydroxyhexane. 

The iodine atoms in | : 6-di-iodo-2 : 5-dihydroxyhexane were quite labile and were hydro- 
lysed by being heated with water, addition of silver nitrate giving a copious precipitate of 
silver iodide. For this reason recrystallisation of the compound from water was attended 
by considerable losses, but no suitable alternative was found, the usual organic solvents causing 
separation of free iodine on being heated. When the di-iodo-compound was heated with 
silver acetate in aqueous alcoholic solution a quantitative yield of silver iodide resulted and 
a liquid product was obtained. This was found to be 2 : 5-bishydroxymethyltetrahydrofuran ; 
the course of this reaction was doubtless through | : 2-5 ; 6-diepoxyhexane, formed by removal 
of the elements of hydrogen iodide from the di-iodo-compound, which subsequently reacted 
with water in the manner already established. Repetition of the experiment in absolute 
alcoholic solution furnished isolable 1: 2-5: 6-diepoxyhexane (1). 1:6-Di-iodo 3: 4-iso- 
propylidene 1 ; 6-dideoxymannitol was found to behave in quite an analogous manner to 
1 ; 6-di-iodo-2 : 5-dihydroxyhexane. When it was heated with silver acetate in absolute 
alcoholic solution, a liquid product was formed which was identified as 3: 4-isopropylidene 
1: 2-6 : 6-dianhydromannitol. 

EXPERIMENTAL, 

Treatment of H. 
1 ) (Cortese, / 
occasiona! shaking 

Consumption 

hours and the solution was then concentrated under reduced pressure to a 

viscous syrup (2-9 g.) from which the last traces of water were removed by azeotropic distillation with 

benzene. Distillation of the uct under reduced pressure gave a colourless viscous syrup (A) (1-9 £. 

C, 54-6; 

Oxidation of (A) by excess 
(8 c.c.) of a solution of idising 
ling to 

and McClenahan's 

Treatment of Syrup (A) with sulphonyl Chloride 


Wiggins and Wood 


and tol P-sulphony! chloride (2-0 g.) was added at 0°. After being kept 
at 30° the tion was poured into water , the solid product (1-5 g. hy 
with water, aad recrystallwed trom alcohol, trom which it separated in fine 


taliusation andepressed oa admixture wi ii) m. 
also unchanged by further recrystallisation (Found 


the Derivative of (A).—The t 

chow p-walphonyl 
decivative p. 06-110", wes heated with with anhydrous sodium (018 g) and dry acetone 
(10 ¢.c.) im « sealed tube at 105--110° for 5 hours. The rpitated sodium toluene-p was 
collected, washed with a little dry acetone, and dried at | Yield, O2s Wea 201 equivs. 

Treatment of the A) Methyi A Ammoma.—-The toluene-p- 
sulphouy! derivative (5-0 g.), m. p. with dry (608 c.c.; 


saturated at 0") in an autoclave at 160-170" for a. The meth methy! alcohol was evaporated in an 


a4 
atmosphere of nitrogen, and the residue was heated with a solution eh ange hydroxide (6-4 g.) in 
and the resiiue dried by evaporation with benzene. exten 


times with chloroform, the extract was dried (MgSO, and evaporated to a om syrup (1-2 g.). 


Distillation of this material at at ric pressure : Tjoctane (0-32 
b. p. (bath tem; (Newth and Wiggins, loc. cis., record b 176-178" nif 1-4 a). 
The toluene. p-sulp trom ale im needies, mp 202 
admixture with an authentic specimen; the gave yellow m. 168—190", from alcobol 
the authors record m. p. 188—-159 ond the cantete teamed @. p- 
1—262° alone or in admixture with ao authentic specimen. 
ttion of Water on 3: 4-isoPropylidene | 2-5 dianhydro- 


¢.¢.) for 7 hours 


evap completely. acetone-benzene gave 
3+ lidene mannitol (0-4 67%) in colourless m. p. 80--81° alone or in admixture 
with an au tic imen 

Action of Hydrochloric Acid om 1: 2-5: 6 Diepowyhexane — xyhexane (1:5 g.) was diluted with 


water (15 c.c.) and added to concentrated hydrochloric acid (14 c.c.). The solution was heated on 
the water-bath for 4 hours, then neutralsed with sodium en aadbenans and extracted with 
reduced pressure, giv }) as a colourless oil 
(bath temp.) 15: mm., 14840 (Found 4 H, 7-7; Cl, 26-1; 
47.8; 7-3; Cl 23-6; OM, 113%) 
of Lead Tetra-acetate on an.—The chioro-com- 
Treatment o wiih Thtonyl Chloride —The chloro 
compound (1:3 g.) was dissolved in dry pyridime (4 ¢.c.) and thionyl chloride (1-5 c.c.) added 
with shaking and cooling in an ice-bath. A few grains of anhydrous magnesium sulphate were added 
ami the mixture was heated on an oil-bath at 100° for 24 hours. The product was poured into ice- 
water and extracted with ether; the extract was washed with we sodiem hydrogen carbonate solution 


and with water, dried (MgSO,), and evaporated to an oil S Sg Distillation under reduced pressure 
ve 2. 6-beschloromethyltetrahydrofaran oes bP math temp.) 126-—126°/15 mm., 
4856 (Found: C, 42-7, H, Cl 43-8. Cale C,H, OC: C, 426; H, 59; Cl, 420), Newt 


and Wiggins (loc eve P (hath temp ) 130° aif 14840. 

Action of Sodium Methomde on 1 2-6 6- Diepowyhesane —Sedium (2 g.) was dissolved in absolute 
methyl alcohol (40 ¢.c.) and diepoxyhbexane (1-5 g.) was added. The solution was heated under reflux 
on the water-bath for 6 hours, diluted with water (100 c.c.), and extracted with chloroform. The 
extract was washed with water, dried (MgSO,) and evaporated to a liquid residue (1-1 g.), distillation 
of which ander owe pressure gave 2-methos itetrahydrofuran as a colourless 
oll (O07 36%), b (bath temp.) 159—164°/15 mm., 1- ound: C, 56-9; H, 96; OMe, 
222, OH, O, requires ©, 57-5, H, 06; OMe, 21-2; ‘OU. 11-6%) 

(0-39 g.) was heated overnight under gentle reflax with methyl iodide (10 c.c.) and dry silver oxide 
(i @). The methy! todide was then evaporated and the residue extracted four times with 
chleroform. The extract was dried (MgSO, and evaporated to an oil, which was re-subjected to the 
methyl todide-stlver oxide treatment his process was repeated three times. The final oily product 
(O31 was distilled under reduced pressure giv as a colour- 
less, mobile O11 g.), b. p. (bath temp.) “/12 mm., 160— 165° /250 mm., 1-4370 (Found ; 
OMe, 38-0 oH, ,O, requires OMe, 38-79%,) 

Methylation of 2: shy —The tush ydroxy-compound (0-52 g.) (Haworth, 
Jones, and Wiggins, /., 1045, 1) was heated u gentle reflux with ethyl iodide iodide (10 c.c.) and dry 
silver oxide (1 g.) for 16 hours. The product was isolated as in the preceding experiment; distillation 
of the crude materia] (0-63 ¢) gave tusmethoxymeth yuethyltetrahydrofuran as a colourless, mobile oil, 
b. p. (bath temp.) 90.05" /12 mm., 1.4369 (Found : C, 502; H, 98; OMe, 38-9. Calc. for C,H,,0, : 
C, H, 10-0; OMe, 38-77%) 


‘ 


trom the same product, m. p. 113-118". An admixture of this with 
2 S-behydroxymethyitetrabydrofuran duene-p-sulphonate, 128", prepared by Newth and 
Wiggins’s method (Joc. had m. p. 115-124" with shrinkage at 105-118". 
q mat 
; maanitol (0-6 g Wiggins, /., 1946, 384) was heated under gentic reflux with water (30 EE 
q the solution was then evaporated under reduced pressure to a _ 7 g.) which, afte ined 
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Acton Ammonia on 1 : 2-5 . 6- was heated with 
saturated at in an autoclave at 180" fo 40 hours. The 
was evaporated toa on distullauion product (C) as a colcurless, 
viscous syrup b. p. (bath temp.) 32—138" JON believed to be 
(Found: C, 56-6; H, 100; N, 10-6, 89; 

pete @ The solution was kept at room temperature for 
hours; into water and extracted with 


14sis (F Found ; C, 56-1; syrup (0-08 
; H, 74; N, 55; O-Ac, 334 
syrup (C) (0-0620 was treated with aa 


te in water. The reaction was 
of the reaction mixture, each being added 


(10 c.c.) and liberated 
acidified ( ) with hydrochloric acid and cooled to 
in water (2 abo at added; no evolution of gas tok place. 
it was 


10 dissolved 
after being kept ‘at 30° for 


‘ich formed brite glass when cold but 
no tendency to crystallise on The product contained 


Compound in Methyl Alcohol Solution.—The 70 dissolved in 
, then in @ vacuum over moist potassium nee 
7-8. N, 61%). The 
but the solution ted aly very fatatly alkaline 


Toluene-p-sulphonyl Chloride.—The 
-sulpbony! chloride, as described tor the syrup 
6.) which contained ratve of crystallised aft 
from in clusters of needies, m 
H, ,O,NS, requires C, 49; H, 566; 
Sodium lodsde on the Th p-sulpa yi N-A 


phonyloxy-group. 
issol ved 10 sodium hb 


i023, record m. p. 


with Sodium lodide——The t 

and dry acetone; Ay. 

Litton Aluminio Hydride on 1:26: m aluminium hydride 
Soe., 1947, 68, 1200) ; following experiment was based on Nystrom and Brown's general 


To a solution of lithium aluminium hydride (0-5 g.) in ether (20 c.c.) a solution of diepoxyhexane 


followed by the periodical withdrawal of | c.c. portions os 
a solution of potassium iodide (about | ) oa sodium hydrogen carbonate (about 0-5 g.) in water 
on (see re 2). 
dissol in 
of sodium nitrite (0-05 LF] 
The mixture was 
then evaporated to dryness 
repeatedly with water until the residue had no action on moist starch-iodide paper. The residue was 
extracted several times with boiling ethyl acetate and the combined extracts evaporated. A residual 
brown syrup was obtained which gave a positive reaction to the Liebermann test for a nitroso-com- 
pound; the product was therefore the N-nitros 
Treatment of (C) with 
me (5 c.c.) and toluene-p-sulphonyl chior 
MgSO,) 
showed 
utral to 
aqgucous fas pro my H sulpho vative 
of (C) (Found; C, 65-9; H, 40. Calc. for C,,H,,O,NS,: C, 547; H, 52%). 
Action of Sodium lodide om the Derivative of (C).—The compound (0-149 
was heated with dry sodium iodide (0-5 g.) and dry acetone (10 c.c.) in a sealed tube at 100-—~110° 
hours. Sodium toluene p-suiphouate was obtained | evaporation of the acetone filtrate 
and extraction of the residue with water gave an insoluble material containing nitrogen, sulphur, and 
A 
absolute 
temperat 
syrup (0 
as a colo 
H, 8-06; 
in water 
of the ni 
om 
4g.) was ( 
(above). Th 
storage. Th by 
filtration; it 6; 
H, 6-7; N,3 
Action of pent 
was carried out on the original syrup before separation of the crystalline matter. The syrup 
when treated with dry sodium iodide ye dry acetone (10 gave sodium toluene-p-sulpne 
(0-029 g., 1-07 The acetone liquors were evaporated > water 
and the insolable matter taken up in chloroform. After being washed wit water and dried (MgSO9 . 
the chloroform solution was evaporated to a syrupy residue (0-05 g.) which was found to contain t 
iodine and sulphur, confirming the replacement of only one tolu 
Toluene —Piperidine (0-55 g.) was d 
solution (20 c.c.), toluene-p-sulphony! chloride (21 
shaken vigorously 20 minutes, the reaction being started by warming on the wate at The 
needles (1-6 g.), m. p. 956—06° (Staudinger and Schneider, 
< 


1574 


ether (20 added slowly, with 
was 


O25 g.) im ether (10 cc.) 


D) (0-33 nif 14480 
syrup (2) 
and Lemme (Ber., 1902, 36, 1335) a: 

Treatment of (D) awh Toluene-p-sulphonyl Chloride.— The 

(2 c.c.) and toluene-p-sulphony! chioride (0-4 g.) added 

the product was poured into water, and the solid was collected and fractionally 


Hesane-2 5-diol A cetonylacetone.——The following experiment is a modification 

of the method of Hill and Adkins (). Amer. Chem. Soc., 1938, 60, 1053) 
Acetonylacetone (10 was dil uted with alcohol (20 ¢.c.) and hydrogenated at 200—210° under 
e of copper chromite catalyst (2 g.) (Lazier and Arnold. Org 
hours. After filtration the sol 


of hexane-2 : 5-diol d- 
P formed prisms, on admixture with 
‘ 7; 4 C %); the final fraction 
prisms, m. p 14—76", not apprec depressed on on admixture with fraction (F) 
(Pound 2: H, 60%). The of the fn final also undepressed on admixture 
with the hemane-2 6-dicl ditol 
(unpablished work) by acetolysis of ‘2 
Action of Lithium Aluminium Hydride on 3 — 
stirred solution of lithium aluminium hydride (1-2 g.) 
mannitol (0-5 g.) dissolved in dry ether (20 c.c.) was gently refluxed for 
4 An hour later it was poured into ice-water acidified with ery acid, the ether layer 
was ated, the aqueous layer extracted with more ether, and the combined yo extracts were 
wesbel with sodium hydre carbonate solution and water, dried (MgSO,), and ted under 
reduced pressure. The solid residue (0-21 g.) was recrystallised from light petroleum ( 2 (4-00 oving 
t-isopropylidene 6-dideorymanniiol as prismatic needles, m. p. 90-5—91- 
(¢, in chloroform) (Found; C, 56-4; . C,H,,O, requires C, 56-8; + 
of 3: 4woPropylidene 1: 4-is0Pr nitol 
was heated with 0-I~-sulphuric acid (26 c.c.) at 70° for 1 hour - was neutralised 
Gakuen carbonate, the whole was evaporated to dryness, and the residue was extracted with boil- 
7 ethyl acetate’ Evaporation of the extract gave a crystalline residue (0-05 g.) which on recrystallis- 
from ethy! acetate yielded | : 6-dideoxymannitol in prisms, m. p. 142—144°, ip —20-9° (c, 0-76; 
in water) (Found: C, 482; H, 94. Cale. for C,H,,O,: C, 48-0; H. a 
positive iodoform reaction, indicating the presence of the ‘CHyCH(OH)- to 
not depressed on admixture with an authentic 7 by Wap ms method (Nature, 
1949, 164, 672). Michee! (Joc. cit.) records m. p. 148", —17-6* (in chloro ) for 1 : 6-dideoxy- 
mannitol. 
Action of Methyimagnesium Iodide on 1: 2-5: 6-Dieporyhexane.——A solution of meth 
todide was 4 from magnesium (2-4 g., 2-4 mols.), methyl iodide (6-0 c.c., 2-4 mols.), 
(30 &.<.) solution of diepoxyhexane (4-4 g., 1 mol.) in dry ether (30 c.c.) was added dr 
agitation at room temperature. Ether (10 ¢.c.) was then added and the reaction complet 
refluxing on the water-bath for 2) hours The oe was poured into ice-water ( cc 
with sulphuric acid, and the ether allowed to ¢ rate. The solid product (7-3 g.) was exhaustively 
extracted with ether under reflux, and the ime cluble residue recrystallised from hot water, giving 
1 : 6-di-iodo-2 as colourless plates (0-4 g.), m. p. 116-—117° (Found: C, 19-6; H, 3-6; 
1, 71. C.H,O, requires C, 195; H, 32; I, 687%). The ether extract on evaporation gave a 
solid residue which was recrystallised from hot water containing a little alcohol; the isomeric | : 6-di- 
todo 2 S-dthydroryhesane was as colourless prismatic needles (4-5 g.), m. p. (Found : 
C, 108; 1, 688%) weous filtrate from the reaction mixture was extracted with ether, 
evaporation of the extract a, a solid which on recrystallisation yielded a further quantity (0-3 g.) of 
the lower-melting iodo-compound. The m. p. of a mixture of the two isomers was 05-—110 
Action of Methyimagnesium Todide on 3: 4-isoPropylidene 1: 2-5: 6- —To an 
agitated solution of Dag pe poy iodide [prepared from magnesium (1 2-4 mols.), methyl 
iodide (3 ¢.c., 2-4 mols.), and dry ether (20 c.c.)) a solution of tsepropylidene ydromannitol (3-7 
1 mol.) in dry ether (0 ©.¢.) was added slowly at room temperature. The mixture was Page| endee 
reflax on the water-bath for 3 hours, and then poured into ice-water (300 c.c.) acidified with sulphuric 
acid. The ether layer was separated and the aqueous layer extracted with ether; the combi: ether 
solutions were washed with sodium hydrogen carbonate solution and water, dried (MgSO,), and evapor- 
ated. The resultant syrupy residue (7-5 g.) subsequently almost complete! omnes recrystal- 
lisation from light petroleum (100-—120°) gave | : 6-di-iedo 3 ¢-isopropyl 1: 
as long colourless needles (4-0 g., 54%). m. p. 84° (Found: C, 24-9; H, 3-7; I, 57-1. C.H,,O,1, requires 
C, 26-4; HM, 3-6; 1, 57-56%). 
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. The warm mixture was gently refluxed 
A further addition of lithium alummium 
mixture heated under reflux for | hour. 
product was poured into ice-water acklified with sulphuric acid, the ether layer separated, and ' 
sodiam b carbonate solution and with water, dried (MgSO,), and evaporated; the residual " 
syrup only ll mg The aqueous residues was therefore neutralised with sodium carbonate 
and evaporated to dryness under reduced pressure: the solid residue was extracted severa) times with : 
pressure giving hexane-2 ; 5-diol as a viscous syrup (9 g.), wif 1-4404. 
j Treatment of Hexane-2 5-diol ath Toluene-p-sulphonyl Chloride —-Hexanediol (0-20 g.) was treated 
in dry pyridine (5 « with toluene-p-sulphony! chloride (10 g.). The solid derivative (0-25 ¢) 
i 


collected ; recrystallisation tion from alcobol 
in prisms, m. p. 192—193-5* alone or in 

Treatment of 1: S-dihydroxyhesane, m. 
of silver acetate (1-5 g., 2-2 


were evaporated under reduced pressure giving . 
yridine (20 c.c.). sytu uct (0-62 g.) was 
as a colourless, somew + 
(Found C, 55-6; H, 7-45; O-Ac, 39-3. 65 
Haworth, Wiggins (loc. cif.) record b. p. am. 


abphc 


on adméxture with & 

(ii) In absolut powdered, dry 
to of the odo-compound 
under reflux on the water bath for 4 rs, off and the filtrate was evaporated 
to about 15 c.c.; The residue was diluted with chloroform, 
washed with sodium carbonate solution and with water, dried (MgSO,), and evaporated to an oil which 
Fi. gave 1: 2-6: 6-diepoxyhexane (0-16 g., 35%), b. p. temp.) 1256—129°/50 mm., 

4410 


The product (0-1 eee eee 10 c.c.) for 7 hours, and the solution 
blonde ydroxymethyitetrahydrofuran ditoluene-p 
needles (rom alcabol), 113" ot depremed om admuntare with & specimen 


0-48 g.) afforded 3: 
: C, 

tion) and 
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325. The Polarographic Reduction of Some Heterocyclic Molecules, 
Part II]. Cowmarin and Certain Derivatives thereof. 
By A. J. Hance and L. E. Lyons. 
behaviour and the absorption spectra of coumarin indicate that at 


The 
> 11-2 it exists entirely in the lactone form and at pH 


forms present at intermediate pH. The reduction leads to meso- and racemic 
forms of tetrah i-4-coumarinyl. 


Covumakrin is reported to be reduced in several ways. Zinc dust in alkaline solution gives two 
dicoumarins (Fries and Fickewirth, Annalen, 1908, 862, 30); sodium amalgam in water gives 
melilotic acid (Zwenger, Annalen, Suppl., 1872, 8, 32), and in alcohol gives hydrocoumaric 
acid. Dyson (/., 1887, 51, 61) studied various reductions but both his and Fries and 
Fickewirth's conclusions have been questioned by Assahini and Fujita (J. Pharm. Soc. Japan, 
1919, 444, 97). The present paper reports the first study of the polarographic reduction of the 
coumarin nucleus and gives a method which can be used to determine small amounts of coumarins. 

The observed polarographic behaviour was simple in that for any pH where reduction 
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of 1: 6-Di-iodo 3: 4-isoPropylsdene 1: 6-Dideorymanniiol.—The isepropylidene com- 
cooling, | : 1: 6-dideoxymannito!l was deposited as tes (0-09 ), m. p. 165-— 
166° (decomp.). 1946, 384) records m. p. (Become). . 
ximately twenty times its weight of 40% formalin, and hydrogen chicride passed in at 0° until 
= tae ture was diluted with water and the solid 
2: 4-3 : 6-dimethylene | 6-dideoxymannitol 
(Wiggins, 1946, 384). 
—95*, Silver Acetate.—-(i) In 
mols.) in hot water (30 c.c.) was addled to 
the iodo-compound (1-53 g.) in water (25 c.c.) and alcohol (25 ¢.c.), Silver iodide was immediately 
precipitated; the reaction was completed by heating under reflux for 3 hours, and the yield of silver 
sodide was then quantitative. The combined filtrate and washings from the removal of the iodide 
} hme, Boiling-chloroform extraction of the residue gave a syrup (0-404 g.), which was then treated 
with 7 chioride (0-12 g.) in dry pyridine (5 c.c.) at 0 2. 5-Bishy ; 
Action of Silver Acetate on 1:6-Di-dodo 3: 4-isoPvopylidene 1 : iodo- 
compound (1-2 g.) was heated with absolute alcohol (100 ¢.c.) and dry, finely powdered silver acetate 
(1-1 g.) under igueene reflux for 3 hours. A further quantity Os #) of silver acetate was added and 
the mixture heated for 1} hours. The silver iodide was filtered and the filtrate, which possessed 
a strong odour of acetic acid, concentrated to a small bulk; chloroform was added, the solution was ’ 
washed with sodium hydrogen carbonate solution and water, dried (gsOy). and ated. Dis- 
tillation of the yy i; 6-diashydromanaitol 
38-5: H, 7-8. . for C,H,, 
gave acetone (detected by the ioc ol, m. 162— 163°. 
\ 


Fr. 1. 
Polarographtic reduction of coumarin. 


The ultra-violet absorption spectra of coumarin in 
15 x 10°*™. are shown in Fig. 2. It is seen that there is 


the absorption from that at pH 7°56 [),... = (i) 310, (ii) 27 

that at pH 12°18 [Ages (i) 330, (ii) 226 my; «,,, (i) 4900, (ii) 

and the spectroscopic results are explicable on the assumption 
between the lactone (I) and the coumarinic acid (II) form of coumarin. 


OH 


If the optical densities at the two maxima are plotted against pH (Fig. 3), a marked change 
in the character of the absorption is seen around pH 98. This pH agrees with that (9°3-— 
10°3) at which the polarographic wave-height decreases markedly. Hence it is concluded that 
the lactone (1), which is from chemical evidence the stable form in acid media, is reducible over 
the range of potentials studied but that the acid (LI) is not reducible over that range; and also 
that (I) is present to a negligible extent above pH 11-2 and (II) to a negligible extent below 
pH 68, For pH between 6°6 and 11:2 the polarographically estimated proportions of (I) and 
(I1) are shown in Fig. 4 for 25° and 35°. Qualitatively similar figures may be estimated 
spectroscopically but these are in error owing to the impossibility of finding wave-lengths where 
the absorption is due exclusively either to (I) or to (II). By use of 240 my. to measure (II) and 
280 my. to measure (I), the curve marked Sp. in Fig. 4 was obtained, on the assumption that no 
lactone is present at pH 11. 

The effect of temperature on the relative amounts of (I) and (II) is not great. The pH at 
which most of the molecules change from (1) to (I1) is similar at 35° and 25”, the slight difference 
observed being of the order of the experimental error, but it is seen that the percentage of (I) 
is reduced more rapidly with rising pH at 35° than at 25°. 

The current at the top of the wave at pH 6°45 (at 25°) is controlled by the diffusion to the 
surface of the mercury drop, as iy is proportional to the concentration in the bulk (Fig. 5). 
It is therefore possible to use these conditions for the quantitative determination of coumarin 
in small amounts, except in solutions containing a great excess of more easily reducible 
substances. The effect of temperature on the diffusion current is shown by the following 


1576 Harle and Lyons: The Polarographic Reduction of 
occurred there was a single wave, the half-wave potential, Ey, of which was independent of pH. 
Maxima, which generally were not observed, appeared at a concentration of 0-006m. (see 
Pig. 16) and could be removed by gelatin. The wave-height for a given concentration varied 
with pH as shown in Pig. le. Below pH 4 no wave was obtained because of the overlying 
hydrogeo discharge. 
~ 
> 
4 
(« SCE)(volte). 
f Curce A: pH 682; cm 15 x 10%, 
pH 046; 15 10%, 
B: 3 doops of 1% gelatin; pil 0-45; ¢ x 10%. 
a gradual change in the character of 
(i) 6000, (ii) 10,500) to 
H-variable interchange 
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Fis. 2. 
Absorption spectra of cowmarim at pH stated. Pro. 3. 


Dependence 
coumarin) om pli. 


A (mu). 


Fre. 4. 
Per hactone I 
centage of me form ( 


35° 


L 


é n 
tg(ua) 


769 
pH 


values (ua.) at pH 665: 25°, 4-02; 35°, 5-48; 45°, 6-58; these results are attributable to the 
increase in diffusion coefficient, D, with temperature, i, varying as D* according to the Ikovic 
equation, ig — 605 ncDtmis4, the symbols having the usual meaning quoted in Part I. 

The number, , of electrons concerned in the reduction process may be calculated, assuming 


22 25 © 
rs 
8 
ost 
0 pl. 
0-003 
25" 0 
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a value of 0-6 x 10°* cm." sec.~* for D (by taking the value for quinaldic acid in the absence of 
other information). A value of 1-02, viz., 1, was obtained for n. 

Evidence to support this value of » was obtained from the reciprocal slopes of the plots of 
log i/(ig — 4) against E. For several polarograms the mean value of this reciprocal slope was 
0-062 (40-010), in agreement with the value of 0-059 expected for a reversible one-electron step 
(cf. 0-030 and 6-020, expected for 2- and 3-electron steps respectively). 

Ey was independent within experimental error of both pH and temperature. The value of 
—E, was 1-529, 1-561, 1-628, 1-523, 1-526, and 1-534 at pH 6-82, 7-63, 9-31, 9-46, 9-66, and 
9-89 respectively, and for pH 6-6 at 35° was 1-526 and at 45° was 1-530 (versus S.C.E. at 25°). 
Corrections were made for residual current at every point and for the i drop across the cell 
due to its resistance R. 

The independence of Ey of pH means that at least the p tial-d 2g step in the 
electron to the neutral molecule. If the correlation of the half-wave potential with the 
coefficient, 4, of the molecular orbital resonance integral in the expression for the energy of the 
lowest unoccupied orbital be made (Maccoll, Nature, 1949, 163, 178), the experimental value 
tor a is 0-22, indicating that the first unoccupied level in the coumarin molecule lies below the 
corresponding level in the naphthalene molecule. 

The product of the reduction was obtained in appreciable quantity by using an apparatus 
similar to that of Lingane (J. Amer. Chem. Soc., 1943, 65, 1348). The cathode potential was 
maintained at —1°7 v., sufficient alcohol being added to a pH 6°8 buffer to dissolve | g. of 
coumarin in about 200 mil. of solution. The white product was precipitated (0°75 g.) as the 
reaction proceeded and a polarographic determination of coumarin in the resultant cathode 
solution showed that 99°85% of coumarin had been reduced. The amount of product 
unaccounted for was possibly still in solution, but was not detectable polarographically below 
—20v. Several recrystallisations from glacial acetic acid revealed two difficultly separable 
components: A, less soluble, m. p. 280° (darkening above 235°), and B, m. p. 247° (darkening 
above 220°). Both A and B were insoluble in sodium carbonate solution but soluble in hot 
concentrated sodium hydroxide, and acidification of this solution gave a precipitate, thus 
indicating a lactone rather than an acid structure. Neither A nor B was optically active. 
— of solubilities in alcohol, benzene, ether, acetone, and chloroform and of melting 

er points of the separated compounds with those mentioned in 


oC ‘gh ay 0 the literature suggested that A and B were isomers C,,H,,0, 
B: 


tetrahydrodi-4-coumarinyl (Found, A: C, 724; H, 47; 
C, 7229; H, 49 C,,H,,O, requires C, 73°5; H, 4°8%). 
According to Assahini and Fujita (loc. cit.) two coumarin 
nuclei are united at position 4, although there is some doubt about this. A and B are 
assigned the annexed formula (meso- and racemic forms). 
The mechanism of the polarographic reduction suggested sei the results is : 


R+e—>R- . te 
(+H*) RH- — 
2RH- R,H, (3) 


where R represents the lactone coumarin. Seep guoved by tho of and 
step 3 is supported by the formula of the product and the fact that isomers are obtained. Step 2 
is the necessary intermediate. Whether R-~ reacts with H,O* or H,O is indefinite. 

As weil as coumarin, four naturally occurring derivatives were examined at pH's where the 
lactone form predominated. A single wave was given as with coumarin. The polarographic 
results for a concentration of 2 x 10. are: 

— Ey (corr.). 
7-Hydroxy-8-methoxycoumarin ..................... 1-504 274 


7: 1-590 2-60 
8-Methoxy-7-geranyloxycoumarin (collinin) . 1-577 1-85 


EXPERIMENTAL. 
The apparatus and befor solutions used were similar to those described in Part I. Capillary 

characteristics were (4) m 1-808 mg. sec. *, 2-583 mg. sec’. The coumarin was 

four times from aqueous alcohol (m. p. 67-5") The resistance, R, of the cell was measured by a 
" Philoscope.” The coumarin derivatives were kindly supplied by Mrs. J. Ewing and Mr. F. Anet. 
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326. Compounds related to Thiosemicarbazide. Part VI. Further 
Routes to 4: 5-Diamino-3-phenyl-4: 1: 2-triazole and Related Com- 
pounds 


: 2-triagole (Part V) have been 
and its ether. 


with compound & preparative point of view, and 


severa] compounds substituted in the phenyl! nucleus and in the 5-amino-group were 
in this manner. 1-Benzo reacted with Seoth: 


whose properties indicated that it was 5-«-methyih 
In Part V (J., 1950, 614) it was reported that 1 : 4-dibenzoylthiosemicarbazide (I) reacted with 
hydrazine to give 3-phenyl-1 : 2: 4-triazole-5-thiol (II; R « SH), benzhydrazide, and 4: 5-di- 
amino-3-phenyl-4 ; 1 : 2-triazole (III; R= H, R’ = Ph). The yield of the last compound 
was small and alternative routes to it have been sought. On treatment with methyl iodide and 


sodium hydroxide, | : 4-dibenzoy (I) gave the S-methylisoth arbande 
which when heated behaved like an S-methyl ether of a 1-benzoylthiosemicarbazide (Part III, 
N-N——pR’ 
H 
qa) (ih) (IIL) 
Me Ph 
“HyOMe-p H 
av.) (WL) (VIL) 


J., 1949, 1918) in readily losing methanethiol to give 2-benzamido-5-pheny!-1 ; 3 : 4-oxadiazole 
(IV; R = Bz) (also prepared by benzoylating the parent amine). With hydrazine, | : 4-di- 
benzoy!-S-methy i gave some of the diamino-triazole (III; R = H, 
R’ = Ph) together with benzhydrazide and a compownd C,,H,,ON,. The last was not identical 
with the monobenzoy! derivative of (III; R — H, R’ « Ph) mentioned in Part V (loc. cit.) and 
unlike that benzoyl derivative was not hydrolysed to (II1; R =«— H, R’ = Ph) by acid. The 
constitution of this compound has not yet been established. 
1-Benzoylthiosemicarbazide was heated with an alcoholic solution of hydrazine in a stream 
of nitrogen, and the effluent gas washed with acidified lead acetate solution. Only 10-—15% 
of the expected lead sulphide (on the basis of complete elimination) was formed, and the reaction 
products were separated, giving a small amount of 4 : 5-diamino-3-phenyl-4 : 1 : 2-triazole, the 


remainder consisting of the triazole-thiol (II; R= SH). By this method, 4: 5-diamino-3-p- 
- Re H, R’ = p-MeOC,H,) and 4-amino-5-anilino-3-phenyl-4 : 1: 2- 
friazole (111; R = R’ = Ph) were prepared, the yield in the last case being much higher than 


with other 1-benzoylthiosemicarbazides examined. Both 1-p-chlorobenzoylthiosemicarbazide 
and 1-benzoyl-4-methylthiosemicarbazide gave a very smal] amount of hydrogen sulphide and 
none of the corresponding diamine was isolated. However, all the preceding diamino-triazoles 
and 4 : 5-diamino-3-p-chlorophenyl- (II1; R = H, R’ = p-C,H,Cl) and 4-amino-5-methylamino- 
3-phenyl-4 : 1: 2-triazole (III; R = Me, R’ = Ph) were prepared by reaction of the corresponding 
benzoy!-S-methylisothiosemicarbazides with hydrazine, and this is the best preparative 
method although it is necessary to separate the triazole from two other reaction products, 
namely, the corresponding benzhydrazides and 2-amino-5-phenyl-I : 3: 4-oxadiazoles. The 
reaction with 1-benzoyl-4 : S-dimethyli icarbazide was further complicated by the 
formation of 5-methylthio-3-phenyl-4-methyl-4 : | : 2-triazole (V) in addition to the other 
products. The occurrence of this compound amongst the products of cyclisation of this 
S-methylisothiosemicarbazide with acids has been reported (Part III, joc. cit.). Two new 
3-p-methoxyphenyl-1 : 2: 4:7: 9-penta-azaindenes (V1; R= Me or Ph) were formed by 
condensation of (III; R =— H, R’ = p-MeO-C,H,) with diacetyl and benzil respectively, as 
described in Part V. 


Alternative routes to 4: 5-diam 
The compound was found among th 
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Keaction between |-benzoyl-S-methylisothiosemicarbazide and methylhydrazine gave the 
amino-oxadiazole ([V; R — H) and a compownd C,H,.N,. However, this compound cannot 
be the expected 5-amino-4-methylamino-3-phenyl-4 : | : 2-triazole, since it was freely soluble 
in dilute alkalis, indicating the presence of a hydrogen atom on one of the nitrogen atoms of the 
triazole ring. It was therefore a 5-methylhydrazino-1 : 2: 4-triazole and since it formed a 
benrylidene and a p-methorybensylidene derivative was probably 5-«-methylhydrazino-3-phenyl- 
1:2: 4-triazgole (VII). In similar experiment using NN -dimethylhyd the major 
product, apart from amino-oxadiazole (IV; K = H) was 5-methyithio-3-phenyl-I : 2 : 4-triazole 
(LL; R « SMe), the dimethyihydrazine having induced cyclisation of the S-methylisothiosemi- 
carbazide in the manner previously noted with other organic bases (Part IV, 1. 195), 612). 
Only a small amount of the methyithio-triazole was formed in the reaction with methylhydrazine 
(which resembles, in this, piperidine and, as mentioned below, dimethylamine) and, except for 
the reaction with I-benzoyl-4 : S-dimethylssothiosemicarbazide noted above, such cyclisations 
have not been detected with hydrazine. A very small amount of a compound C,,H,,N, was 
welated from the reaction between and NN -dimethyl- 
hydrazine and this proved to be 5-dimethyi S-phenyl-1 : 2: 4-triazole (11; K = NMe,) 
identical with a specimen prepared by treating the thiosemicarbazide with dimethylamine. It 
is probable that the dimethylhydrazine prepared by reduction of nitrosodimethylamine (Org. 
Synth. Coil., Vol. 11, 211) contained a trace of dimethylamine, which would account for the 
occurrence of the dimethylamino- triazole. 


EXPERIMENTAL. 
The compounds mentioned below, which are not new, in the tout 


—<t wat determinations have been made to confirm identity. 

The dibenzoy!thiosemicarbazide (12-0 g.) in N-sodium 
hydrouide (40 ¢.c.) was ground fine he givea of the yellow sodium salt and shaken vigorously 
with methyl iodide (4-0 ¢.c.) and alcohol (20 c.c.) until the att wens colour was completely discharged, a 
little more methy! iodide being added as necessary. The solid was collected, dried in a vacuum, and 
trom alcohol-ethy! acetate (50 60), care taken to avoid overheating, ging large, 
tive prisms (7-5 g.), m. p. 171° (Found 61-8; H,50; C,,H,,O,N,S requires 

, 614; 48, 102%) 

2- Bensamido 5 pheny 3: 4-ovadiazols (IV; K Bz).-The above 
alcohol, giving colourless needles (0-5 g.), m. p. 201° 
benzoylation of the (Fehrenbach and Stolle, “elo, 128. Found’. 
C, 662; H, 44. Cale. for C,,H,,O.N,: C, 679; H, 42%) 

Reaction of 1: 4-Dibensoyi-S- isothiosemicarbarsde with —The S-methylssothiosemi- 
carbazide (5-2 g.), alcohol (20 c.c.), and 50% hydrazine hydrate (5-0 c.c.) were refluxed for 12 hours and 
the solvent was removed under reduced pressure. Water (50 c.c.) was added, followed by concentrated 
hydrochloric acid, and the insoluble hydrochloride was collected and sucked dry. The filtrates were 
evaporated to half bulk and then cooled and a further = = hydrochloride was collected. The united 
solid (1-7 fi; was rubbed with =f  pamee um bh te solution, and the solid product 
collected ( m. p. 180— 106") aad cryet ethyl acetate, giving small colourless needles 
ore ), 196° (Found: C, #7; N, wires C, 64-5; H, 47; N, 

a} The original acud Gitrates were concentrated to half bulk, and (with good cooling) treated with 
ox potassium hydroxide solution (20 ¢.c.). The solid was collected (1-2 g.) and crystallised from 
water, giving colourless plates (0-7 e of 4: 5-diamino-3-phenyl-4 : | : 2-triazole, m. p. 223° (Found : 
H, 54. Cale. forC, HN, 54-9; H, 6-1%). 
acid with acetic acid and evaporated under reduced pressure ie residue was extracted with 
chicroform. Evaporation of the dried extracts gave benzhydrazide (1 crystallised from 
een in colourless plates (1-0 g.), m. p. 112° (Pound: C, 620; H, 61. for C,H,ON,: C, 61-8; 

59%) 

Reaction of aith H (3-9 g.), alcohob 
(30 «.¢.), and 50% hydrazine hydrate (8-0 c.c.) were refluxed in a stream of ni and the effluent gas 
was washed in acidifed lead acetate solution. When evolution of hydrogen sulphide ceased (6 hours) 
the precipitated lead sulphide was collected in a Gooch crucible, well washed, and dried at 110° (0-71 g.). 
The reaction liquid was evaporated under reduced pressure, water (100 c.c.) added, and the resultant 
solution made strongly acid with hydrochloric acid. The precipitate was collected (1:6 g.; m. p. 230— 
238°) and crystallised from water with a little alcohol (it was necessary to cool the solution slowly and to 
filter it from a small floceulent precipitate which 2 Fara first and appeared to hinder crystallisation), 
nt colouries g.) of 3-pheny!-1 triazole-5-thiol, m. p. 256--257° (Found: C, 54-1; 


a Cale. for C S: C, 4-2; H, 40% The flocculent precipitate afforded on cry stallisation 
a little more of the Sick 6 1g.; m. p. 256°) original acid filtrate was evaporated and treated with 
10~-sodium hydroxide (10 ¢.c.), and the solid collected (0-5 g.; m. p. 220°) ate tallised from water, 


fi ‘of 4: S-diamino-3-phenyl-4 1 : 2-triazole, m. p. 223° (Found : C, 55-0; 


in analog ts. 4° 5-diamino-3-p-methoryphen Ill; 
colo p. 242°, from water (Found : %. 


Ren = 


: 
q 
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Ph), colourless leaflets, m. p. 286°, C, 67-4; H, 65 N, 27-8. 

yN C, 66-9; H, 52; N, 27 y!-4: 1: 2-triazole-5-thiol, colourless necdies, 
from alcatol was also toiated (Fou 60; 46. Cale. for C, 664, 

H, 43%)). Under the same conditions, only 3-phen 

methyl-4 2-triazole-5-tbiol, colourless needles, m. trom aqueous alc (Found: C, 


183. 

experiments but the amounts of in rst pair were 0-9 g. §. Tespectively 

experi iments on the se sale as that with -mol.). 


with Hydrasime - 
50% hydrazine were set aside for 12 hours and 
then refluxed | vents were evaporated under the residue was 
water (26 c-c), and ce) added slowly with good 
. The solid was d hed with a little ice-water filtrates were made just acid 
with acetic acid and as isolated as crystallised from benzene, giving 
colourless The solid precipitated by 


hydroxide was 

carefully neutralised with potassium bh 

from alcohol, giving colourless (0-7 g.) of 2-amino-5- yi-1 : 3: 4-omadiazole (IV; R H), 

m. p. 242-244" (Found: C, H, a Cale. for C,H,ON,: C, 50-6; H, 43%). The original 

neutralised solution was concentrated under reduced premure, and 

hydroxide solution was added. The : 6-diamino-3-phenyl-4 2-triazole (1-2 g.) was 
from water or alcohol, gates : C, 56-1; 


5- : 1: 24riazole (111; R= H, = 
(48 g.) reacted as above, ybenzh 
colourless Som (Found : C, 67-6; H, 60. Cale. for C OWN, 
C, 57-8; 60%), 2 nyphenyl-1 ¢-oxadiazole, colourless needies (0-8 
248—249°, from alcohol (Fou! C, 569; H, 48. C, 56-6; H, 47%), and 
diamine, colourless plates (0-7 g.), m. p. 248°, irom water (Fou N, 

This diamine, reaction with diacetyl! and benzil as described for : 2- 

(Part V, . on henyl-5 6-dimethyl-1 7 : (VI 

Me), Yellow needles, m. p. 215 (Found: C, 60-9; 61. CygH ON, requires 

51%), 6-dipheny! com nd (VI; RK = Ph), 
=p 247°, from alcohol (Found: C, 72 N wires C, 72-8; H, 

1: 2-triasole (II; R= H, R’ = p-<,HC).—ip 
colourless plates (3-0 g.), m. p. 164° from water (Found: C, 49-1; for C,H,ON,C) ; 
49-3; H, 41%) in Ghia cons and the 
insoluble in sodium hydroxide was repeatedly extracted with small Neo ta of hot water, the united 

“the residue left after « Cc, H, 37; N, 33-7. wires C, 45-8; H, 3-8 
after extraction with water fom ving loag yellow 

ot Som ino-5-p-chiorophenyl-1 3: 4-oxadiazole, m. p. fFound 40-1 
3-2. Cale C,H,ON,Cl: H, 31 


4-Amino-5-methylamino (Ill; R= Me, « Ph).-1-Benzoyl-4: S-di- 
methylisothiosemicarbazide (4-6 g.), Scobal (25 c.c.), and 50% hydrazine hydrate (8-0 c.c.) were refluxed 
together for 6 hours and the solvent was under reduced re. The residue was treated 
with water (50 c.c.) and 40% um hydroxide solution (10 c.c.), and the solid collected and dried 
60—80°; 50 c.c.) and filtered hot from an insoluble residue. This residue was ised twice from 
See, og St get =~ leaflets (0-2 g.) of the diamine, m. p. 222° (Found: C, 56-3; 

Colt requires 57-2; H, &8; N, 37-40%). The benzene-light petroleum 

Sou coo re-heated, filtered (charcoal), and allowed to crystallise slowly, giving a mixture of large 
m. p. 125—128*) and recrystallised from same solvents, giving large o less plates (0-3 g.) of 
: 1 2-triazole, m. p. 137° (Found: C, 58-2; H, 5-4; 5, 16-5. Cale. 
N,S: > — H, 5-4; S, 156-6%); _the residual crystals were dissolved in the mother-liquor 
and allowed to c slowly ; the liquor was decanted from the clumpe of email 


needles (0-8 g.; hy 150—152”°) ich were from the same sol ving colourless 
needles (0-5 g.) of 2-methylamino-5- -h 38: , m. p. 153° (Found: C, 61-6; H, 60. 
Cale. for C, 61-8; H, 51%). 
4-Amino- jino-3-phenyl-4: 1: 2-triazole (111; R= R’ = methyl- 
(3-2 g.) gave the diamine which ~ethoxyethanol in colourless 
C, 66; H, 64 nyl-1: 3: 4-oxadiazole 


were ex more 
car ¢.c.) were refiu 
ond evaperstel under reduced pressure. Water (15 c.c.) was and, with strong cooling, 10w- 
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sodium h wih The solid was collected, washed with a little 
aad in a vacuum (1-5 ¢.; m. p. 222-228"). None of the ures used above for separating a 
4: 6-diamino-4 = 1. 2-triazole gave an analogous substance and by crystallisation of this materia! from 
alcohol, colourless prisms (1-2 g.) of 3-amino-5-pheny!-! : 3: 4-oxadiazole, m. p. 242°, were obtained. 
The origina! alkaline liquor was made just acid with acetic acid, and the yoveipnate allowed to harden, 
collected, washed with water (65 m 168-170") (Pound: S, 1-7%), ground with w-hydrochloric 
acid (20 ¢.c.) for 2 minutes, and quickly Bitered. The extraction was r ted on the residue (0-8 g.) 
using acid (5 c.c.) and giving an ultimate residue (0-05 g.), which cryst from aqueous alcohol 
colourless tes, m. p. 161-—-162° (S-methyithio-3-pheny!l-1 : 2: 4-triazole). The acid extracts were 
peut with potassium hydrogen carbonate, giving precipitates (3-0 g.. m. p. 178-180"; and 
0-5 ¢ p. 180-—181") which were crystallised from aqueous alcohol, giving colourless gliste plates 
g. im all), 184-185", of henyl-1 2: 4-triazole (Found : C, 57-1, 57-2; 

, 66,56; N, 4. requires C, 67-1; H, 68; N, 370%). When this compound (0-5 g. 
was refluxed with alcohol (10 c.c.) and benzaldehyde (1-0 ¢.c.) for 12 hours and ev ted under red 
pressure. crystallisation from aqueous alcohol gave colourless needles (0-5 g ) of the Indene compound, 
m. p. 191.192* (Found: C, 695; H. 56; N, 264. C,,H).N, requires C, 60:3; H, 54; N, 25-83%). 
By use of p-anisaldehyde (1-0 c.c.) in place of bensaldehyde, the 
compound was obtained as colourless prisms (0-7 g), m. p. 192—1 (Found: C, 3; H, 6&7. 
requires C, 66-46; H, 55%) 

Reaction of with NN- above experi- 
ment was repeated using N N-dimethylbydrazine (12 ¢ c.) and gave 2-ammo-5-phenyl-1 4-oxadiazole 
(6-5 g.), m. p. 261-242". No4: 5-diamino-4: | : 2-triazole could be detected. The precipitate (0-8 g. ; 
m 154-166") (Found 5S, 16-4%) obtained from the alkaline mother-liquors by making them just 
acid with acetic acid was almost pure 5-methylthio-3-phenyl-1 : 2: 4-triazole and crystallised from 
aqueous alcoho! in colourless shining leaflets (06 ¢), m. p. 162-—-163° (Found: 5S, 167. Cale. 
for C,H,N,S : 5, 16-75%). The faintly acid mother-liquors were extracted with ether in an automatic 
apparatus, the solvent was removed, and the residue crystallised twice from benzene—light petroleum 

b. p. 80") giving hard, refractive, faintly yellow prisms (0-1 g.), m. p. 203—204° not depressed 

admixture with 2: 4-triazole (see below) (Found: C, 64-3; , 63; 

90-0. requires C, 63-8; H, 64; N, 20-89%). 

4-triezole (11, Row A mixture of 1-benzoyl-S-methyliso- 
thiosemicarbazicde (4 ad ), aleohol (25 c.c }, and dry dimethylamine (6-0 g.) was heated in a sealed tube 
at 100° for 12 hours fter the solvent had been removed and the residue made alkaline with x-sodium 


hydroxide (50c.c.), 2-amino-5-phenyl-1! : 3: 4-oxadiazole (0-5 g.), m. p. 241—242°, was isolated in the usual 

way. The precipitate obtained trom the alkaline liquor by neutralising it with acetic acid (3-0g.; m. p. 185— 

190") (Found: was rubbed with w-hydrochloric acid (30 c.c.). An almost clear solution was 

obtained, and then a very sparingly soluble hydrochloride rapidly ted. This was collected, 
with a 


nd once with x-bydrochloric acid, again collected, and little n-hydrochloric acid. 
Neutralisatéon of the filtrates with potassium hydrogen carbonate gave the methy!thio-triazole, colourless 
plates (0-25 g.), m. p. 162-163" from aqueous alcoho! (Found : 5, pe The insoluble hydrochloride 
was dissolved in hot water (#0 c.c.), filtered hot, and made _ alkaline with potassium hydrogen 
carbonate, giving the dimethylamino-triazole which crystallised ueous alcohol in large, y 
hard, refractive prisms (2-0 g.), m. p. 207--208° (Found: C, 63-7; H, 62%). 
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327. Compounds related to Thiosemicarbazide. Part VII. 
Benzylthiosemicarbazides. 
By Eric Hoccartm and E. H. P. Youns. 

Examples of 1-, 2-, and 4-benzy!thiosemicarbazides have been prepared. These « nds 
were distinguished by their behaviour towards ferric chloride: 1-benzylithiosemicarbazides 
benzaldehyde thiosemicarbazones, 2-benzylthiosemicarbazide gave benzaldeh 

-ben 


tyithiosemicarbazone, and é-benzyithiosemicarbazide gave benzyl ssothiocyanate 
last reaction was general for a number of 4- and 2 : 4-substituted th arbazides. 


Ir is known that benzaldehyde semicarbazones are reduced by mild reducing agents to 
l-benzylsemicarbazides (Kessler and Rupe, Ber., 1912, 45, 26), and a number of benzaldehyde 
thiosemicarbazones (1; R « H, p-OH, p-OMe, p-NMe, or p-SO,Et) was readily reduced by 
sodium amalgam to give the corresponding |-benzylthiosemicarbazides (11). The same reaction 
also proceeded smoothly with the thiosemicarbazones of acetophenone and p-methoxyaceto- 
phenone, giving the corresponding 1-1'-phenylethylthiosemicarbazides. It was noted that the 
melting point of 1-benzylthiosemicarbazide itself (155°) was the same as that which has been 
recorded by Cattelain (Compt. rend., 1939, 207, 790; Bull. Soc. chim., 1940, 7, 791) for the 
2-isomer (111; R « H), and as the method used by this author (isomerisation of the thiocyanate 
salt of benzylhydrazine by heat) is not unambiguous, attempts were made to repeat this 
preparation in order to compare the product with that obtained by reduction of the thiosemi- 
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carbazone. The product obtained by heating the thiocyanate of benzylhydrazine as described 
in the papers cited was difficult to purify and it was found preferable to heat benzylhydrazine 
hydrochloride with dry ammonium thiocyanate in absolute alcohol. (Heating under aqueous 
conditions also gave a product which was difficult to purify.) The melting point of the 
compound obtained when using alcohol was raised by crystallisation to 171°, but this compound 
must be the same as that isolated by Cattelain as its benzylidene and p-methoxybenzylidene 
derivatives had the m. p.s recorded by him. By reaction of p-methoxybenzylhydrazine with 
ammonium thiocyanate under similar conditions, the compound (II1; RK = p-OMe) was 
obtained; this was also distinct from the isomer obtained by reduction of p-methoxybenz- 
aldehyde thiosemicarbazone. 4-Benzyl- and 4-p-methoxybenzyl-thiosemicarbaside (IV; R = H 
and Wilson (J., 1927, 2631). When (III; R = H) or (IV; R = H) in dilute acids was shaken 
with a solution of benzaldehyde in alcohol, the corresponding thiosemicarbazone was at once 
precipitated. Nothing separated when (II; RK = H) was treated in the same way. 


(1) 


NH yNH-CS-NH-CH,C,H,R 


(Iv.) 

a icarbazides (11; R = H, p-OMe, or p-SO,Et) in dilute acetic 
2-amino-5-phenyl-1 : 3: 4-thiadiazole (which is known to be formed by the action of mild 
oxidising agents on benzaldehyde thiosemicarbazone) was also isolated. Oxidation of 2-benzyl- 
thiosemicarbazide under the same conditions gave as the main product the benzaldehyde 
2-benzylthiosemicarbazone. Presumably this is formed by oxidative breakdown of part of the 
thiosemicarbazide to benzaldehyde and condensation of this with unchanged thiosemicarbazide, 
giving the insoluble thiosemicarbazone, which is precipitated. Oxidation of 4-benzylthiosemi- 
carbazide under the same conditions gave benzyl isothiocyanate and this reaction proved to be 
general for the following 4-substituted thi arb (prepared by condensation of 
appropriate isothiocyanates and : 4-ethyl-, 4-isopropyl-, 4-isobutyl-, 2-methyl-4-iso- 
propyl- and 4-phenyl-thiosemicarb 


EXPERIMENTAL. 


1-Bensyithsosemicarbaride (Il; R = H).—Benzaldehyde thiosemicarbazone (9-0 g.) and alcoho! 
(80 wore bated under teflax with good string whist som ( g. of sodium 
in 20 c.c. of mercury) was added in small pieces during 2 hours. After a further hour the solution was 
decanted from the residual! and a which was washed with a little alcohol, and the united alcoholic 
= were diluted with ice water (300 2: Acetic acid was added to exact neutrality and the 
ution set aside at 0° overnight The cxystata| -5 g.) were collected, washed with water, and 
from alcohol, giving 1-benzy/thiosemicar as colourless needles (6-0 g.), m. p. 154-—155" (Found : 
C, 62-8; H68: § 17-4. C,H,,N,S requires C, 53-0; H, 61; S, 17-7 of 
The following manned were obtained in similar experiments Tt hydroxybenzyl- (11; RK om 
p-OH), large colourless needles, 180°, from alcohol (Found : C, 49-0; 55; 5, 16-0, ONS 
requires C, 48-7; H, 56; 5, 62%), l-p-methoxybenzyl- (11; R large colourless 
m. p. 142—143", (Pom H, 64; S, 15-2. Gil requires C, 61-2; H, 6-2: 
@ (i; = p-NMe,), colourless m 147°, from 
Found : C, 53-6; H,7 143. uires C, 53-6; H, me 1434 ). 
(11; ‘colourless small Pp. from alcohol (F 443; 
53; S, 23-7. wires C. 40; H, 56; ms 23-4%), 1-1'-phenylethyi-, colourless leaflets. 
156", (Fos C, 56-3; H, 63; 166 requires C. 55-4; H, 


16-4%), and leh 1)-thiosem icarbazide, colourless leaftets 
from alcohol (Found 4 i. 65: S, 14-2. C,H,,ON,S requires C, 53-3; H, 67: S, iden) 


2-Benzylthiosemicarbaride (IIL; R = =. —(a) Freshly distilled was dissolved in 
ether, the solution saturated with dry h xe rogen chloride, and the dihydrochloride collected, washed 
ether, and dried in a vacuum. This dihydrochloride (9-8 g.), dry ammonium thiocyanate (3-8 g.), and 
absolute alcohol (100 c.c.) were refluxed for 24 hours and then cooled, and the crystals (1-4. ; re- oe, 


collected and for colourless needies 171" (Found 
H, 60; N, 230; S, 17-6. Cale. forC, : C, 630; H, 61; 23-2; 17-7 

(b) dihydrochionde (19 6 g.) and ammonium were dissolved 
in water ( c.¢.), and the solution was slowly evaporated in a dish during 24 hours. The residue was 


ed on the steam-bath with water (200 c.c.) for a further 4 hours and then allowed to cool, and the 
1 ), m. p. * not depressed as in (a) (Fou 
er Crystals (0-9 g.; m. p. 210°) separated in a few seconds, 
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from p-anisaideh yde obtained in the same way formed colourless fibrous m. p. 178", 
C, 63-9, H, 56; 5 110. Cale ONS: C, 642; H, 57; $, 10- 7%). Cattelain 
cit) gives for these thiosemicarbazones, m. p. 214-5" and 175° respectively. 


(111; RK OMe}. cat mea 
from alcohol in colouriess needies, m 193° (Pound: C, 51-1 66; XN, 1; 5, 148 
51-2, HL, @2; N, 190; 5, 152%). 
he fuilowing by the method of Baird et al. (loc. cit.) : 4-benz 

gy: R « H), colourless seedies, m rom alcohol (benzylidene derivative (prepared as for 

isomer) crystallised from alcohol in needies, m. p. 134"), yoenzyl- (1V; K = p- 
OMe), colourless m. 130°, from alcohol (Pound: C, 61-6; 
requires C, 61-2; H, @2; 5, fs 2%), 4-tsopropyl-, iwi from benzene (Fou 
derivative, sulphur- yellow plates, m. p. 202°, from alcohol (Found - wll, NS requires 
C, H, 7-6%)), 4-0-butyl-, colourless leaflets, 70°, from light petroleum p. 
#0") (Pound. $, 21-7. C,H, requires 8, 21-86%) ethyl yisdene derivative, 
leaflets, m. p. 186°, from alcohol (Found: C, 6-8; H, 60 5 requires C, 60-4, 
4-isobutyl-, colourless leaflets, m. p. 68°, from hight petroleum ( (Found: S$, 22.2 
requires 5S, 21.8%) vative, yellow flat needies, m 
alcohol (Found: C, H, 7-9 requires C, 4; H, 7-0%)), 
carbaride, colouriess prisms, m. p trom benzene (Found: 5, 22-2. requires S, 21-58%) 
derivative, greenish-yellow needles, m. P. alcohol { Found 

5, NS requires C, 60-4; H, 7-9%)) 

The following thiosemicarbazides were prepared by the method of Busche, 

(Ber., 1004, 87, 2318) fine colourless needles, m. p. 

m (b. p. 6080") (Found; C, 41-1; H, 90. requires C, 40-8; it 
aminobensylidene derivative, yellow plates, m. p. 150°, from alcohol (Found 
CyHyN requires C, 60-4. H, 7-9%)] and 
from light petroleum (b. p. 60.—80") (Pound 450; H, Ol. “7; 
derivative, almost colouriess needles, m. p- 118°, from alcohol 

616, HL requires C, 61-6; H, 2%)) 

Oxidathen of (1-8 g.) in 10% acetic acid 
(3) c.c.) was heated at 50° and stirred vigorously, and ferric chloride (anhydrous; 6-4 g.) in water (30 c.c.) 
added during a few minutes. A solid which separated was collected after cooling (0-9 ¢.; m 154"), 
and crystallised from aqueous alcohol, giving colourless needles (0-7 g.) of benzaldeh 
162° not by admixture with an authentic specimen (Found: 5, 18-0. Cale. 
for C,H,N 170 Using twice as much ferric chloride, the thiosemicarbazone (0-2 g.), m. p. 
162 + oe was toalanal previously. The original filtrates were made alkaline with ammonia, 
to pes the tron oxides, and filtered. The gelatinous solid was dried in a vacuum, powdered, and 
extracted with ether in a Soxhlet apparatus. The solvent was evaporated and the residue crystallised 
from aqueous alcohol, giving colourless ghstening prisms (0-4 of 2-amino-5-pheny!-1 3: 4-thiadiazole, 
m. p. 226° not yr by an authentic sample (Part I, /., 1949, 1163) (Found: C, 540; H, 4 
Cale. for C, 54-2, H, 39%) 

In experiment 1-p-methoxybenzylthiosemicarbazide (2-2 g.) -anisaldehyde thiosemi- 
arbasone m. p. 169° (Found: S, 15-5. Cak. for C S, 163%), and 
ip ethytenly ben gy tht atbaside (2-7 g.) gave the corresponding g). 
m. p. 226° (Fou 23-5. Cale. for S, 23-6%) 

Ostdattion of -—2-Benrylthiosemicarbazide (1-8 g.) was oxidised as described 
for the I-isemer. Bleaching of the ferric chloride solution ceased after addition of 18 c.c. and, 
after 10 minutes’ stirring, the solid was collected and crystallised from alcohol, giving colourless needles 
(06 «) of the 2-benzyl-l-benzylidenethiosemicarbazide, m. p. 212° not depressed by the compound 
prepared as above (Found: C, 67-1; H, 57; S, 12-0%) 

of —4-Benrylthiosemicarbazide (1-8 ) was oxidised as described 
for the lisomer. An intense purple colour was produced by the first few drops of ferric chloride 
solution, followed by the cupentien of a black oil oil was extracted with ether and distilled, giving 
benzyl teothiocyanate (1-0 b. p. 140°/20 mm. (Found: S, 21-8. Cale. forC,H,NS~ S, 21-56%). 
Identification was confirmed by shaking this oi! (0-5 g ) with alcohol (1-0c¢ c.) and 500) hydrazine hydrate 
(2-0 whereafter, on removal of the solvent, 4-benzyithiosemicarbazide, colourless needles (0-25 g.), 
m. p. 190° (from aleohol), was obtained (Found: 5,175. Cale. for C,H,,N,5: 5S, 17-7%) 

reactions were carried out with é-ethylthiosemicarbazide, which gave ethyl! tscthioc 


b 128129° mm, which gave isopropyl b 
1 760 mm _, which gave isobutyl isothiocyanate, b. p 164— 168° 
which gave tsopropy! isothiocyanate, b 134—135" /760 
and 4 phenytt hicsemicarbazide, which gave phenyl! isothiocyanate, b. p. 106—107°/20 mm. In each 
case the identity of the isothiocyanate was checked by reaction with hydrazine and observation of the 
mixed melting point of the crystallised product with the corresponding thiosemicarbazide. 


Cremicat Inpusteres Liwrren, 
Research Laporaroates, Bracktey, Mancwesrer, 9. (Received, February 20th, 1950.) 
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By C. A. 
Both strychnine sewdostrychmine, on catalytic oxidation in presence of ammoniacal 
a carbinol-amine, oxyp y which contains one 
atom of oxygen more than 


semdostrychmine. 
Evidence is adduced for the conclusion that this base is either psendostrychnine N-oxide 
or a substituted hydroxylamine containing the grouping C(OH)-O-N 


Berors discovery of the elegant method of obtaining psewdostrychnine from strychnine N-oxide 
(Bailey and Robinson, /., 1948, 703), attempts were made to improve upon the catalytic 
oxidation process (Leuchs, Ber., 1937, 70, 1543) by substitution of other catalysts for copper 
sulphate. During this work it was observed that a solution of strychnine in chloroform, when 
shaken in the presence of a cobalt salt and ammonia, rapidly absorbed two atoms of oxygen ; under 
similar conditions pseudostrychnine absorbed one atom of oxygen, affording the same product. 

The new base, C,,H,,O,N,, m. p. 246", could be prepared in twenty-four hours and in yields 
of up to 70% by the use of oxygen freshly prepared from potassium chlorate and manganese 
dioxide. Obtained from this source, the oxygen contained chlorine and its oxides, which 
propably served as carriers, since the rate of absorption decreased rapidly if the oxygen had been 
stored over water for a few days. 

Like pseudostrychnine, the new base, termed oxypseudostrychnine, is a carbinol-amine and 
forms ethers on attempted recrystallisation from simple alcohols. These ethers are formed less 
readily, and are also less stable, than those from Psewdostrychnine. Thus, when kept for 3—4 
weeks in a desiccator, or when dried at 140°/15 mm. for three hours, they revert to the carbinol- 
amine, m. p. 246°, probably as a result of hydrolysis by the liberated water of crystallisation 
usually present. 

Unlike pseudostrychnine, however, this base has not been obtained in two isomeric forms, nor 
does it afford either an O- or a N-acetyl derivative. It is not merely pseudostrychnine containing 
a molecule of water of crystallisation, as that substance, C,,H,,O,N,,H,O, has been isolated 
from the mother-liquors and readily affords the known pseudostrychnine. 

Oxypseudostrychnine affords a perchlorate, methoperchlorate, and dihydro-derivative, all of 
which contain an atom of oxygen more than the corresponding psewdostrychnine derivatives. 
The ease with which the dihydro-derivative is formed indicates that the original strychnine 
double bond was not involved, ¢.g., in epoxide formation. 

A diagnostic reaction for the character of the second oxygen atom has not been found, the 
base being inert to reagents for the usual oxygen-containing functional 

The most significant difference between the new base and pseudostrychnine is the 
stability of the former to acid reducing agents, whereas psewdostrychnine in these circum- 
stances is readily converted into strychnine. 

Either zinc dust or tin with hydrochloric acid, and sulphur dioxide in chloroform are without 
action. Failure to react with the last reagent would suggest that the substance is not a N-oxide 
since strychnine N-oxide, in these circumstances, readily reverts to strychnine. 

Alkaline reducing agents on the other hand, ¢.g., metallic sodium in moist chloroform, readily 
convert it into psewdostrychnine. 

Like O-methylpseudostrychnine, the methyl ether of the new base adds methy! iodide to 
form O-methyloxypseudostrychnine methiodide. Treatment of this methiodide with alcoholic 
potassium hydroxide or sodium ct agate does not afford the expected methine but gives 


instead N-methylcsanop rychnine, m. p. 263°, which in the parallel pseudostrychnine 
degradation can only be obtained by hydrolysis of the des-base under acid conditions : 
ethylpsemd Methyloxypseudostrychnine 
Mel 
¢(OMe)—NMel 
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The action of aqueous ammonia on methyloxypseudostrychnine methiodide does not aflord 
the chano-derivative, indicating that the substance is in fact a methiodide and not merely 


N-methylchanopseudostrychnine hydriodide, HI. 

The fact that the new base can be obtained from pseudostrychnine by catalytic oxidation 
and that the two methoxy-methiodides can be equated in methylchanopseudostrychnine 
emphasises the close relationship of the two series. 

The most probable structures for the new base in the light of the available evidence are (a) 
that it is Pseudostrychnine N-oxide which, for some reason, has unusual stability to acid reducing 
agents, or (b) that the initially formed N-oxide, being an allylamine oxide, is isomerised in the 
alkaline medium to a substituted hydroxylamine in a manner analogous to that in which methy!- 
allylaniline N-oxide has been shown to give phenylmethylallylhydroxylamine (Meisenheimer, 
Ber., 919, 6B, 1667) 

——> CHyCH-CH,yO-NPhMe 


Oxypseudostrychnine would then be obtained according to the scheme 


GOH) NCHyCCH- 


; preudoStrychnine N-oxide has hitherto been unknown. Leuchs (Ber., 1044, 77, 403) has 
¥ shown that treatment of preudostrychnine with acidic hydrogen peroxide affords a neutral 
q product which is not a N-oxide but contains the group *CO-—-N< and does not give the Otto 
reaction. 

If oxypPseudostrychnine is a N-oxide, it is necessary to account for the extreme stability 
towards acid reducing agents. The most probable explanation would be that chelation occurs 
in acid but not in alkaline medium, between the N-> O and the contiguous hydroxy! group : 


The additional assumption must then be made that the existence of N->O in the molecule does 
not materially affect ether formation at the pseudostrychnine hydroxy! group. 

In other respects, too, oxypseudostrychnine does not behave as a normal N-oxide. Thus, in 
distinction from strychnine N-oxide, it is almost completely insoluble in one-hundred times its 
weight of hot neutral 6% hydrogen peroxide. Boiling for an hour with this reagent affords 
mainly unchanged material, together with traces of a neutral product insoluble in dilute sulphuric 
: acid. This neutral substance affords the Otto reaction; therefore aromatisation of the indole 
: skeleton could not have occurred as in the case of Leuchs’s ’ strychnone.”” 

Acidic hydrogen peroxide, on the other hand, oxidises the base to a substance which has not 
been obtained pure, but is soluble in both acids and alkalis and may therefore be an amino-acid. 

lf, however, hydroxylamine formulation is postulated, then the stability of oxypseudo- 
strychnine towards acid reducing agents must be attributed to the closely knit ring system 

C-O-N, since normal trisubstituted hydroxylamines do not usually behave in this manner. 
— 

The formation of pseudostrychnine from oxypseudostrychnine by reduction with metallic 

sodium would then probably proceed according to the scheme : 


pseudoStrychnine 


Whether the substance is a N-oxide or a hydroxylamine, the mode of formation of N-methyl- 
chanopseudostrychnine from O-methyloxypseudostrychnine methiodide is not clear. The 


N-oxide formulation would require the methiodide to contain the grouping ((OMe)-(OMe)}I, 
which on treatment with alkali should yield (OMe) (OMe) OH. Isomerisation to a N-methyl 


chano-compound is, on this basis, without precedent unless the assumption is made that treat- 
ment with alkali is accompanied by reduction and migration of a methyl group from O to N. 
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The hydroxylamine structure, on the other hand, 
reduction during treatment with alkali, would proceed without migration of a methyl group 


An obvious difference between the two possible structures is that, on the basis of the hydroxyl- 
amine formulation, the O-methyl methiodide should contain one O- and one N-methyl group, 
whereas the N-oxide structure would require two O-methy! groups. Zeisel estimation was, 
however, inconclusive, as at 360° it indicated only 1°3 methyl groups. 

A definite formulation for the structure of oxypseudostrychnine cannot be indicated at this 
stage since neither structure satisfactorily explains all the transformations. Further evidence 
will be sought. 


EXPERIMENTAL. 
in presence of conyers | from potassium chlorate ) with a 
consisting of cobalt (30g 0-88), and water c.). 
After ® hours, 1-5 1. of oxyges had been absorbed, and in 30 hours 3-2 |. (ewe stemnic equiveleats), the 
greenish-blue aqu~ous layer bec reddish-brown. Thereafter ceased. 


The reaction mixture was acidi with 2n-hydrochloric acid, the chloroform removed on a steam-bath, 
and the resulting solution diluted with water (200 c.c.). After 4 hours at 0°, the liquid was filtered from 
a little neutral material and the filtrate made alkaline with aqueous ammonia. A pale brown base 

ted (m. p. 236—245°) which was dissolved in 2n-hydrochloric acid (200 c.c.) and, after treatment 
th Norite, was eciate with concentrated aqueous ammonia from the cold solution. 


The i Sere te was collected, washed with water, and redissolved in the minimum 
of 0-1ln-hydr © this solution was added sodium acetate (10 g.), followed by a saturated 
solution of potassium pier carbonate. The precipitated “aypacudoutrychnane, which separated in a 
still acid medium, was collected and well washed with water. pose at 100°, it was recrystal- 
lised from ether-chloroform to give fine, white needles (35 g. > 2 246° (after drying at 100°) 
(Found C, 65-2; H, 6-5. Cults O requires C, 65-6 ; 

absorbed 300 c.c. (one atomic equivaleat) in @ hours. The product was worked 
up as above and afforded oxypseudostrychnine (6 g.), m. p. 246°, which was not depressed on admixture 
with the material pr ed as above. 

ced tor strychnine —A solution of oxypseudostrychnine (1 g.) in methyl! alcohol (10 c.c. 
was oy for mutes. Water was added to the hot solution until it became slightly tur 
coma. are ted, which were collected and dried at 80°/15 mm. (yield, 0-8 g.; > 
181—~182") Whee dei at higher tampemteten, 56, 120°, the methy! reverted to the base, =. 
246", which, on recrystallisation from methanol, afforded the methyl ether, m. p. 181-—1 
(Found : C, 66-5; H, 6-55. 3; H, 65%). 

On recrystallisation from absolute methy 1 methy! ether not containing water of crystallisation 
was isolated, havin, 174—175° (Found H,67. C,,H,,O,N, requires C, 69-56; H, 63%), 
80° (c, 0-07 chloroform). 

O-Ethylonypaeudost Anine.-Oxypseudostrychnine (1 g.) was refluxed with absolute ethy! alcohol 
resulting clear solution was concentrated to small volume (5 c.c.) from which, 
white needles of the ethyl ether, m. p. 202204" (0-75 g.), separated (Found : C, 70-5; H, 6-05; 

x. requires C, 70-0; H, 66, N, 7-1%). 

Methylpseudostrychnine Hydrate.—The still acid mother-liquors from which oxypseudostrychnine had 
been precipitated were basified with aqueous ammonia, tation wae ttered from une was collected and 
extracted with 50% methanol (150 c.c.). The cooled solution was fil from unchanged ~~ 
and concentrated to small bulk. On cooling, yellowish crystals of methylpseudosirych hydrate 
separated, having m. p. 150—152°, which, after treatment with charcoal in meth | alcohol and 3 further 
crystallisations from % methanol, had m. p. 157—-158° (0-4 g.) (Found: C, 68-7; H, 645; N, 6-85. 
CyH,,O,N,,H,O requires C, 60-1; H, 68; N, 7-3%). Pay te had m. p. 135—138° when mixed 
with meth yloxypseudostrychnine, m. Pp. 174-—175". ution in dilute hydrochloric acid and 
reprecipitation with this pseudostrychnine, m. p. 233°, which could 
be converted into methylpseudostrychnine, m. p. 198-200", teen alcohol. 

(1 g.), dissolved in dilute acetic acid (30 ¢.c.), 
was shaken with platinum oxide (0-1 g.) in an a’ “ene 180 C.c. were absorbed in 30 
minutes and a further 25 c.c. in 60 minutes (1 mol.). resulting ition 


was converted into the mets by recrystallisation trom 80 methy! . forming colourless 
(0-9 g.) of m. p. C, 66-2; H, 67. requires C, 660; H, 70%). 
Otto reaction was 


needles separated, were taken up in hot water 
perchloric acid. then boiled for two minutes, the solution was 


260° 28 C, 542; 33: N60. 
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(Found C, 536; 62; 


_—Methyiox hnine (1 g.) was warmed for 15 minutes 
with solution of methyl The methosulphate 
gum, on cooling of the solution "Saetonues ‘decanted, and the residue was washed 3 times 
yield, g.; m. p. 260° (Pound: C, 651; H, 50. C,,H,ON,C Tequires C, 


seudostrychnine, m 

Action Cobalt Catalyst ond on N-Methyich d 
ne in chloroform (50 cc.) was treated with a ca 

) and aqueous ammonia (5¢.c_; ¢ 0-58) dissolved in water (150c.c ) 

ot beanly prepared oxygen did not result in any absorption of the gas. 

of Oxypseudostrychnine —(i) With cine dust and hydrochloric acid. Oxypseudostryc 
(1g) was dimotved in 2n-hydrochloric acid (60 ¢.c.) and zinc dust (5 g.) added during 30 minutes. The 
reaction mixture was heated on a steam-bath for 5 hours, at the end of which no further reaction could 
be obwerved. The resulting prodect was diluted with water (150 ¢.c.), filtered, and made alkaline with 
aqueous ammonia. The ensuing precipitate was collected, dried, and extracted with chloroform. The 
extract, after removal of solvent, was twice recrystallised from methanol whereafter it had m. p. 181—182° 
(0-7 g ) and showed no depression of the m. p. on admixture with methyloxypseudostrychnine. 

(ut) Weth tom and hydrochloric acid. Substitution of granulated tin for zinc dust in the above reduction 

and sulphur dioxide was Dabbled through the solution for | hour. The resulting prodact, after removal 
ee Spamapent was taken up in w-hydrochloric acid (25 c.c.) and reprecipitated with aqueous ammonia. 

yitate was collected, dried. and recrystallised from chloroform to which sufficient ether to induce 
conlane been added. White acediecs separated (1-4 ¢.), which had m. p. 245-—246° and were identical 
(mixed m. p ) with the starting material. 

(iv) WA sodium. Oxypreudostrychnine (1 g. in moist chloroform (20 ¢.c. pane 
cut sediam (0-5 ¢ ), from which most of the kerosene had been removed, was added in the form of a pellet 
wray in a piece of copper gauze. When the gas evolution had ceased, the wire gauze was removed and 
the chloroform evaporated on the water-bath. Dilute hydrochloric acid (10 c.c.) was added, the solution 
filtered, and the filtrate basified with The white precipitate was dried and 
recrystallised from chioroform-ether, to give white needles, m. p. 233°. These were identica! (mixed m. ) 
with pseudostryc Kec methyl alcohol afforded colourless needles, m. p. 198— 


— Ss with me 

ol hnine (1 g.) in neutra) 
*% _—— m peroxkle (100 ¢.c.) was boiled under reflux for an hour hot solution was filtered from 
ane material (0-97 g.). and the filtrate concentrated ander reduced pressure to 15c.c. After owe g 
kept overnight in a refrigerator, the crystals which had separated (0- g.) were collected and 4 
They had m p. 222-225", unchanged by recrystallisation from methanol. This substance was insoluble 
in dilate acids and was unaffected by sulpher dioxide in chloroform. It probably contained N(6)-CO. 
There was insoffictent material for analysis, but it was shown to afford a positive Otto reaction. 

A solution of methyloxypseudostrychnine (0-75 g.) in 6% hydrogen — (100 ¢.c.) and concentrated 
hydrochloric acid (2 cc ) was boiled for 20 minates, the solution becoming dark red. After concentration 
to 20 cc., the solution was almost neutralised with aqueous ammonia, a brown amorphous product 
separating which redissolved in excess of aqueous ammonia. 

Treatment of this amorphous product for an hour with charcoal in methyl-alcoholic hydrochloric 
ackl gave, after removal of nded matter and adjustment of the acidity to pH 6, a pale 
brown ame nous material which darts tkened when kept and could not be obtained pure, but could, in view 
of its solubslity in both dilute acids and alkalis, be an amino-acsd 

O-Methylorypecadostrychnine Methiodide.—Methyloxypseudostrychnine (1-8 g.), m. p. 181°, after 
being kept in a desiccator over sulphuric acid for | week, was treated for 3 days at room temperature 
with dry, freshly distilled methyl iodide (15¢.c.). The excess of reagent was removed on the water-bath, 
aml the residue taken up in methanol contains a few drops of »/5-sodium thiosulphate. The solution 
was concentrated to small volame, filtered, allowed to cool separated, which were 
recrystallised from 80%, methanol to - a methiodide (2 ¢ ). a 2m (after drying on a water- 
bath) (Found: C, 403; H, 65 e. OMe and NMe, 3-5 H,,O.N,1,2H,O requires C, 49-5; H, 
56, 50) OMe and NMe, 5-49 The mother’ -hquor afforded Bo of the same methiodide, but no 
compound analogous to N-methy Paoneperndneteyn hnine hydriedide could be obtained. A solution of 
this methiodide, when treated with aqueous ammonia. gave no free base and was therefore not a hydriodide. 

Treatment with Aleohohe Potassum Hydroxide —-Methyloxypoeudostrychnine methiodide (2 in 
methanol (26 ¢ ¢.) was treated with potassium hydroxide (2 g.) in boiling water (S5¢.c.). After 5 minutes 
4 voluminous precipitate (1:3 ¢.) separated. The crude material, after being dried at 100°, had m. p. 260° 
and on reerystallisation from methanol m. p. 263". It was (mixed m identical — N-meth 
freedostrychaine and was anchanged by prolonged boiling with 10° hydrochloric 

Attempted Acetylation of Ox dostrychmine —Dry onye rychnine ag g.). m. p. 246°, was 
refluxed with acetic anhydride (10 ¢.c.) and pyridine (3 ¢ <.) for 3 hours. The reaction mixture was 
poured into water and acutraiined with aqueous ammonia. The resulting te was collected, dried. 
washed with ether, and recrystallised from 80% methanol. The product (0-8 g.) had m. p. 180° and was 
identical (mixed mp.) with methyloxypsewdostrychnine. 
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and anhydrous sodium acetate, (ii) acetic ydride and one drop of sulphuric acid, (iv) acety! 
or ) ecstyl c chloride and acetic anhydride yielded only unchanged material m each case. 

Dehydration of Oxypseudostrychnine ¢.) was heated at 
for 3 hours. product was recrystallised from vdrous ether, to yield 
unchanged starting material. Ox mine (2 g.) and anhydrous potassium hydrogen sulphate 
were therefore heated t for 30 minutes at 175°, and the ting brown mixture was poured into 
water, made alkaline, and extracted with chloroform ‘The resulting brown base was disso! ved in methanol 
and treated with charcoal. Remova! of the charcoal and concentration of the brown solution afforded an 
amorphous solid which gave an amorphous a and an amorphous picrate, unsuitable for analysis. 

Attempted dehydration of methyloxypseudestrychnine by heating it at 140°/15 mm. for 30 minutes 
atlorded oxypseudestrychnine, m. p. 246—267°, which, on recrystallisation from 80% methanol, had m. p. 
181-—182° and was identical with thes starting matenal 
Oxypseudostrychnine did not react with either an alcoholic solution of potassium ferricyanide or an 

yi 


- 
reduction with amalgamat sinc aad 18% bydrochloric acid dad not result in aay cedeced ‘product. 
base did not reduce ammoniacal silver nitrate or Fehling’s solution. 


for bos helpful comments. 


Tae Dyson Peres Laporarory, Oxrorp. (Received, February 2nd, 1950.) 


329. Reactions of the Alkyl-sulphate Ion. Part II. Kinetics and 
Mechanism of the Reaction with Phenoxide Ion and the Polar Effects 
of Substituents in the Phenol Nucleus. 

By G. H, Green and J. Kenyon. 

The bimolecular nature of the reaction between alkyl-sulphate ion and phenoxide ion has 
been confirmed. The reaction takes place in the presence of bydroxide ton and, since this 
latter reacts with alkyl-sulphate jon at a rate comparable to that of phenoxsle ion, it was 
necessary to derive kinetic expressions for the rate constants of two sumultaneous second-order 
reactions. The reaction is entirely analogous to the correspondi = of alkyl! halides 
with phenoxide ion except that, rged ions and not 
with an ion and a neutral molecule its velocity increases with 
The polar effects of nuclear substituents in the phenol are in the expected direction. Values 
for relative reactivities of phenols towards Tag ny = oo by dimethyl sulphate by Hodgson and 


Nixon (/., 1930, 2166) have been shown to be misleading owing to the superposition of two 
reaction mechanisms 


Tue alkylation of phenols with dialkyl sulphates occurs in two stages : 
R,SO, + PhO- RSO,+PhOR...... (@ 
RSO, + PhoO- SO,” + PhOR (2) 


No direct evidence as to mechanism exists but indirect evidence that both stages are bimolecular, 
involving the phenoxide ion, is obtained from the similarity with the corresponding reactions 
of the alkyl halides and olefin oxides with phenoxide ion, both of which have been studied in 
considerable detail. By analogy, the velocity should be decreased by increasing accession of 
electrons on the a-carbon atom of the alkyl sulphate R-CH,*SO,~ (cf. Woolf, J., 1937, 1172). It 
is known that more stringent conditions are oo with diethyl sulphate than with dimethyl 
sulphate (Cade, Chem. Met. Eng., 1923, 20, 319). Furthermore, the — should be 


(cf. Goldsworthy, J., 1926, 1254; Boyd ef al, J., 1914, 106, 2117; 1019, 115, 1239). 

In an attempt to verify the influence of nuclear substituents in phenol on its reactivity, 
Hodgson and Nixon (J., 1930, 2166) examined the yields of anisoles produced from 19 phenols 
on reaction with dimethyl sulphate in aqueous medium under standard conditions. They fail, 
however, to explain numerous anomalous results: (i) the yield of m-tolyl ether is higher than 
that of the p-derivative, (ii) the yields of nitrophenyl ethers are the same as or only slightly less 
than that of anisole, (iii) the yields of chlorophenyl ethers are higher than that of anisole, (iv) the 
results for the di- and tri-substituted phenols appear unintelligible, (v) steric effects in the 
ortho-position are very small and absent altogether with o-cresol. In an attempt to interpret 
their results, two of their experiments were repeated, viz., the methylation of phenol and of 
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On theoretical grounds these two phenols should show a considerable difference 
in reactivity. The experimental details given by Hodgson and Nixon are not very explicit and 
minor manipulations were used by us which may or may not have been carried out by them. 
Hodgson and Nixon obtained 65%, of anisole and 55°56% of p-nitrophenyl! methy! ether, whereas 
we obtained 87 and 61%, respectively, Although the duplication is not too satisfactory the 
values are in reasonably good relative agreement. During these experiments the following 
points emerged : (i) some unchanged phenol is carried over with anisole on steam-distillation 
from alkaline solution—though the quantity was not large enough to affect the yields 
materially in these cases, the presence of an ortho-substituent in the phenol considerably 
increases its volatility in steam, and if Hodgson and Nixon did not wash their steam-distillate 
with alkali, it may account, if only partly, for their relatively high yields of ortho-substituted 
anisoles; (ii) the sodium salts of the nitrophenols are relatively insoluble, and certainly less 
than 0-2 mole per 100 c.c. In the nitrophenol experiment, the greater part of the sodium salt 
remained undissolved during the initial 30 minutes’ stirring in the cold. During the subsequent 
heating both the sodium salt and the unchanged dimethyl sulphate settled to the bottom of the 
vessel. This condition was equivalent to that used by Haworth and Lapworth (/., 1923, 123, 
2086) and also by Hodgson and Nixon (loc. cit.) in which the phenol is heated with sodium 
carbonate and dimethyl sulphate in xylene, t.¢., in the absence of water. Under these conditions 
a different mechanism ensues, the reaction, according to Hodgson and Nixon, being facilitated 
by electron recession from the side chain. This in itself is sufficient to account for the high 

obtained with the nitrophenols and dicrtho-polyhalogenophenols. It is thus obvious 
that the results give no true picture of the influence of nuclear substituents on the reactions 
under discussion. 

The study of reaction (1) is complicated by such factors as the immiscibility of the alkylating 
agent with water (unless methanol is used, in which interaction is far too vigorous at normal 
temperatures for kinetic study), and the presence of the side reaction with hydroxide ion. The 
former difficulty does not occur with reaction (2), and this process proceeds at a measurable 
velocity at temperatures of the order of 100°. The side reaction with hydroxide ion occurs at 
about the same rate as with phenoxide ion and must be allowed for. By employing a large 
excess (20-fold or more) of alkali over the phenol to ensure complete dissociation of the latter 
and a similar excess of alkyl sulphate, the amount of alky! sulphate consumed by the phenoxide 
ion being very amall compared with that consumed by hydroxide ion, it has been possible to 
evaluate the rate constants for the two simultaneous second-order reactions and so to study 
their kinetics. 


CALCULATIONS. 
The vate constants for two simultaneous second-order reactions. 
Equal CH,SO,Na and NaOH Concentrations.— 


(A) CH,SO,Na + CH,OH + NaSO,-. 
Let (CHySO,Na) [OH™) = a 
(CH,yOH) = (NaSO,~) = after seconds, 
Then da /di = h’(a — 


&’ can be determined experimentally. 
(B) CH,ySO,Na + > CH,OPh + NaSO,~ 


If [(OH™~] is large compared with (OPh~)}, then the CH,-SO,Na consumed in reaction (B) will be 
negligible compared with that consumed in reaction (A), so that the (CH,*SO,Na) can be 
considered as (4 — s) throughout both reactions. 


Let 
(CH, OPh) y after ¢ seconds. 
Then dy /dt = A” (a — — y) 


Substituting for (4 — *) from equation (4) and integrating, we have 


4 
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Different CH,’SO,Na and NaOH Concentrations.— 

(A) CH,SO,Na + OH- CHyOH + NaSO,~ 
Let (CH,SO,Na) = and = 
After ¢ seconds (CH,*SO,Na) = — and [OH™~) = (p — 

Then ds/di = h(a — — 
pie — *) 

k’ can be determined experimentally. 

(B) CH,-SO,Na + OPh- ——> CH,-OPh + NaSO,- 

If (OH ~) is large compared with [OPh~], then the CH,-SO,Na consumed in reaction (B) will be 


negligible compared with that consumed in reaction (4), so that (CH,’SO,Na] can be considered 
as (@ — *) in both reactions. 


Let (OPh~] = 
(CH,-OPh) = y after seconds. 
Then dy/dt = — — y) 
Substituting for (a — x) in equation (c) and integrating, we have 
” 2°303 log — y) 
a” = 
a— 
In the limiting case when a = p, equation (d) becomes 
_ © log b/ 
+ 


which is identical with equation (6). 


EXPERIMENTAL. 


Determination of Phenols.—Phenols other than those containing an alkyl or alkoxy-group in the 
ortho- or para~-position were determined with bromate—bromide it, anisoles, if present, being first 
removed by ethereal extraction of the alkaline solution (cf. Ghaswalla and Donnan, /., 1036 
1341). Phenol and o- and p-alkyl- and 
927, 78, 627; Snell, “ Methods of 

Chapman and 1 ol. 2, p. 348). Anisoles do not interfere. 
Phenol, m 2 m. ; b 
97-8% ; avethen 138°/17 mm., purity 06- b. p /20 mm 
m. p. 52-5—53°; p-ethox 
"92 03"; pf p. 45 
m. p. 63-6", 
p. 112°, purity 10-46% ; 3: 
5%. 


Metal Alkyl Suiphates.— 


008 and approx. 
roxide were carbonate-free 


| 
fqueous Alhkals at 100 No decomposition or oxidation of any of the phenols 
ting them for one hour in 1-0n-sodium hydroxide at 100° 
The preparation of the various metal alkyl sulphates and their quantitative 
determination have been described in Part I (/., 1950, 1389). The same preparations were used. 
Determination of the Rate of Reaction of Alhyl-suiphate lon with Phenoxide lon.—The determination 
of the constant 4’ for the second-order reaction between alky!-sulphate ion and hydroxide ion has already 
a i was to 
0-05m. with respect to phenol. 
and all solutions were made up with carbon dioxide-free water. The anhydrous metal alky! sulphate 
uantities of standard 4n-alkali and phenol. ond 
tubes. © mal. of two of -00n-metal sulphate and approx. 
0-1n-phenol in 2-00n-alkali were used. The reaction was carried out at 100° under conditions identica! 
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with those used in the determination of &’ (ge). The reaction was arrested by plunging the tubes into 
water. Two or three tabes were taken at zero time for the determination i 
tatration with 0-5s-hydrochiork acid to phenolphthalein. 
nitrophenols, for which it was necessary to carry out a 
Tubes were also withdrawn at sero time and at intervals for 


phenol 
Owing to the relatively rapid reduction of the metby! 


unreactive o- and p-nitrog ols reacting to the extent of only 2 and 4%, respectively. 
two cases the rate constant is based on the amount which reacted at one time interval only, viz., 
240 minutes. In all other cases the mean value at 4 of more time intervals has been taken. The reaction 
of the phenol had reacted uations (6) and 

are given ia Tables I and Il respectively. The complete resuits are summarised in Tables and 


Taste I. 
Rate of reaction of sodium methyl sulphate aith phenol in aqueous alkaline solution at 100° 
(equivalent methyl-sulphate and hydroxide ton 
Initial conens. of (NaOH) and (CH,SO,Na) 1.000, (phenol) 
resid at tne 186 @ = 0-923. 


5/0 — 
— 


Notes: Ow 11-35 (oe Par 


> tiom solution on heating the true volume of the solution 
mi. (see Part I). 
Taste I, 
Rate of reaction of sodium methyl wulphate with phenol in aqueous alkaline solution al 100° 
(non-equivalent methyl-sulphate and hydroxide ton concentrations). 
nitial reaction mixture: 5 mi. of solution A & : 1. 6446-NaOH, 


0-106 ; solution 2-000n-CH, 
by bromate—bromide method. 


Suppose that the temperature of the reaction mixture be raised to 100° without any reaction taking 
place. Then when allowance is made for expansion, the concentrations of the reactants become 


(NaOH) — 0-522 x 10-00/10-17 = 0-513 = p” 
(CH,SO,Na} 1000 x 10-00/10-17 0-083 = a’. 


residual NaOH at zero time 9-85 ml.: p 0-484. 
drop in (CHy'S0,Na} from commencement of the reaction to sero time 


p) 0-513 
at sero time — ¢) 0-083 — 0-029 — 0-054 = a. 


Time Ml. of O-lw-fir resideal © 2-303 log — — p) 
(mains.). (A). (B). 


1135 x 10". 


..,,..... 

. jon concentration owing to the side 
feaction with hydroxide tom, the reaction could not usefully be prolonged beyond 4 hours, by which 
time it had become very slow indeed. This meant that even in the most favourable cases (¢.g¢., the 
p-alkoxyphenols) only 69% of the phenol had reacted, with phenol itself 50%. down to the exc eedingly 

ime phenol Time phenol 
(mins). (mg). b—y (mins). (mg). + 
v 45-76 145 29-02 1520 00152 ™ 
20 41-88 1003 01262 (67) 175 28-68 1601 1-104 72 
39 35 1162 ©-2024 765 205 26-90 1-702 1-204 7 
61 76 1234 03800 746 20 24-80 1845 1-515 765 
1313 5304 72 ous 
Mean 74 
I) 
10%" = 
{c).* 
20 63 1077 0.07508 564-0 568-0 66 
50 23-5 1-206 0-1877 1410 1481 61 
1-390 O3204 2438 2576 64 
lw 1-503 0.4667 3949 60 
200 165 1-718 0-5416 5640 5458 (4-8) 
Mean 63 
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Tastes Ill. 
Second-order vate constants for the reaction between metal alkyl sulphates and phenoride ion in 
aqueous solution at 100°. 
Initial phenol concn. approx. 0-06a. in all cases except in Expt. 1D where it was 0025m. 
Meta! alkyi sulphate. Initial concn. Alkali. Initial conca. ax 
CH,SO,Na 1.00 NaOH 100 
2 30 KOH 160 os 
3 cay > NaOH 1.37 


* The total ionic concentration (I [ion) x change) was adjusted to 4-00 by the addition of 0-25u-Na,SO,. 


Taste IV. 
Second-order rate constants for the reaction between sodium methyl sulphate and phenomide ions 
in aqueous solution at 100°. 


Initial concns.; (NaOH) = 100, (CHySO,Na) = 1-00, (phenol) approx. 006m. 


Accuracy of the Results.—Where duplicate runs were carried out the results were in excellent 


agreement. A number of other experiments (not here), in which the mean value of 4” is based 
on only three values, also confirmed the reproduci' of the results. In the error of the mean 7 
certainly aot greater than 8% forthe ee reactive and 'y less for the more reactive 

afluence of Electrolyte on the Reaction.—Vasious amounts of anhydrous sodiam ~ 


to 10-ml. portions of a solution containing 1-00n-sodium hydroxide, 1-00n-sodium y! sulphate, and 
0-10x-phenol. After 60 minutes’ heating at 100° the residual phenol was determined and approximate 
values for the rate constant were calculated with 
no added sodium sulphate to 8-63 x 10 in the presence of 2-On-sodium sulpha 

R of Some Experiments of Hodgson and Nison.—Methyi suiphate (12) was added to 
for 30 minutes. The mixture was transferred to a 250-ml. flask warmed to 100° in a water-bath 
(20 minutes), and kept there for 30 minutes. The mixture was di in a current of steam until no 
more anisole came over, then for a further 10 minutes. 

the anisole placed in a steam-oven for 1 hour. After this time no smell of ether was detectable. Yields - 
anisole, 9-4 g. (87%); P-nitroanisole, 9-3 g. (61%). 


Discussion. 


The absence in all cases of any upward or downward trend in the rate constants calculated 
from equation (6) for two simultaneous second-order reactions confirms the bimolecular nature 
of the reaction between alkyl-sulphate ion and phenoxide ion. When equation (d) was used. 
however, the value of 4” tended to fall as the reaction proceeded. Since 4” as calculated from 
this equation is extremely sensitive to small errors in the values of the alkyl-sulphate and 
hydroxide ion concentrations, it is possible that a refinement in experimental technique may 
overcome this anomaly. It is extremely unlikely that the divergence is serious enough to throw 
doubt upon the postulated bimolecular nature of the mechanism. 

The reaction, being between two ions of like charge, is accelerated by increasing ionic 
concentration (see also Part I). No attempt has been made to investigate the matter 
thoroughly. The accelerating effect of sodium ions appears to be slightly greater than that of 

ions. 

electrons to the a-carbon atom. The ratio of the rates is approximately 5; 1, in reasonable 


Phenol. a” x 10. Phenol. a” x 
42 : 5-Dimethoxypheno!l ............ 52 
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with ratio of 4: 1 obtained by Woolf (Joc. cif.) for the relative rates of reaction of 


. A partial distribution of the negative charge over the benzene 
phenoxide less reactive than hydroxide ion. The reason for this anomaly is 


Taste V. 
Second-order vate constants for the reaction of sodium alkyl sulphates with hydroxide and 
Phenoxide tons in aqueous solution at 100°. 


oxides (except the nitro-group) ; 
are normal (Dippy, Evans, Seedon, Lewis, and Watson, /., 


the course of the reaction. The initial, transitional, and final states of the reactants are as 
follows 


Initial Transitional Final 


The formation of the transitional state is facilitated by the localisation of the negative charge 
on the phenolic oxygen atom; the formation of the final state requires the localisation of both 
negative charges on the SO, group. Both these conditions will be facilitated by electron release 
from the group X. In only a few other cases has complete inversion of the relative reactivities 
of the para-halogens been observed in reactions facilitated by electron accession to the side 
chain, and all but one are unimolecular and have one rate-determining stage only. The only 
bimolecular reaction reported to show complete inversion is that between chloronitrobenzenes 
and substituted anilines in dilute alcohol (Linke, Ber., 1923, 66, 848). Although /-fluoro- 
aniline was not included there is no reason to doubt that it will fall into line. The reaction may 
be formulated : 


NO, NO, a _NO, 


€ H, so, Qo -CH, so, = + so,- 


Here again, both stages are facilitated by electron release from the group X: (a) the 
attack of the amino-nitrogen atom on the positive nuclear carbon atom, and (b) the release of 
the negatively charged chlorine ion. It may be expected that the reaction of phenoxide ion 
with dialky! sulphates, alkyl halides, ethylene oxides, etc., will also exhibit the inverted order 
of reactivity for the #-halogeno-compounds. The inverted order is also to be found in the 
dissociation constants of phenols, benzoic acids, phenylacetic acids, and phenylboric acids 
(Dippy, Chem, Reviews, 1939, 25, 151). In these cases the predominant influence is the 
mesomeric (+ M) portion of the tautomeric effect reflected in the resonance of the molecule due 


to a contribution of the quinonoid form, ¢.g., 


agreement 

methyl ethy! With sodium cugeno im ethyl alcohol 

rates of reaction of the two alkyl sulphates with hydroxide and with phenoxide ions (see 

Table V) reveals the interesting fact that, contrary to expectation, sodium ethy! sulphate reacts 

rng woud ro 

ming would render 

not known 

10*& for reaction with 
Alkyl sulphate. OH-.* OPh-. 
; * From Part I. 

; Influence of Nuclear Substituents.—The influence of nuclear substituents in the phenol is in 
q the expected direction, except for those in the ortho-position where considerable steric effects 
; are apparent. This is in contrast to the results of Boyd ef al. (loc. cit.) who did not find 
appreciable steric hindrance in their reaction of phenoxide ions with ethylene and propylene 
s of the ortho-substituted phenols 
1937, 1421). In the mefe- and 
72 Che OF SUUSUTUCHT y by the relative magnitude of 
the inductive and tautomeric effects. It is observed (Table IV) that the reaction rates of the 
p-halogeno-substituted phenols diminish in the order H > F > Cl > Br >I; the tautomeric 
4 electron-release effects (4 7) of the halogens diminish in the same order, whereas their inductive 
effects (—/) become more negative in the reverse order. To explain this co-ordination of 

tautomeric effect with reaction rate it is necessary to consider the electron movements during 
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In the case of the phenoxide ion, the oxygen atom already possesses six free electrons and 
resonance of this type cannot be expected. It must, therefore, be the electromeric (+ £) effect 
acting in the initial and transitional states which assists the reaction between phenoxide ion 
and alkyl sulphate. Summing up we have : 

Forces affecting equilibrium constant —/ + M 

Forces affecting reaction constant —/J + E 
lf log & for the reaction is plotted against log K for the equilibrium (see Table VI and figure) 
the points for the substituted phenols lie on a straight line, whereas phenol itself lies considerably 
off the line. It has been pointed out by Dippy and Watson (/., 1936, 436) that the operation of 
electromeric effects can cause a divergence from the linear relation between log 4 and log K. 


Taste VI. 
Relation between log K and log k for p-halog 


30% ethanol at 25° (Bennett, Brooks, and 
Since the relative dissociation constants of acids are generally 
reaction velocities in one medium with 


dissociation 
temperature (Dippy, Chem. Reviews, 1039, 25, 151). 


The present reaction provides an addition to the list of benzene side-chain reactions which 
obey the simple law log K = log K* + po where p = reaction constant, o = substitution 
constant, and K and K* = rate constants for substituted and unsubstituted reactants 
respectively (Hammett, “ Physical Organic Chemistry,”” McGraw-Hill, New York, 1940, p. 184; 


J. Amer, Chem. Soc., 1937, 69, 96). By using Hammett’s value of o, values of p have been 
calculated and are given in Table VII. The large divergence of the p-fluoro- and -nitro- 
phenols may be due to experimental error—the former owing to the very small difference in 
rate with unsubstituted phenol, and the latter to the difficulty of measuring its very slow 
reaction rate with accuracy. 

Taste VII. 


Calculated values of p for the reaction between substituted phenoxide tons and sodium 
methyl 


Substituent. 10"K.* 11 + log X. 102. 5 + log A. 
0-32 0-6051 08602 
0-26 00-4150 72 0-8573 
1-55 11903 53 0-7243 
219 13404 0-7076 
°K J. 1936, 
1821). both medium 
and 
constants in another medium and at a different 
12 
Xo 
Ro 
lag ®. 
Substituent. Substituent. ©. 
Mean p 0-642. 
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General Consderaiions.—Sance sodium methyl sulphate reacts with phenoxide and hydroxide 
ions at roughly the same rate it is obviously of advantage in using this reagent as a methylating 
agent to maintain the hydroxide ion concentration at as low a level as possible consistent with 
keeping the phenol dissociated. Highest yields based on the methylating agent and most 
rapid reaction will be obtained when the alkali is added slowly to a boiling strong solution of 

um salts are preferred to the corresponding potassium salts on account of their more rapid 
reaction and greater solubility. 


The authors express their thanks to Drs. M. P. Balfe and A. E. Bradfield for helpful criticiems and 
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330. The Reaction of Methyl Radicals with Olefins, Part IV. 
The Reaction with Tetrafluoroethylene and Vinyl Fluoride. 
By F. A. Raat and C. J. Dansy. 


much greater t that of ethylene under the same conditions. An 


(oe In comtrast to the behaviour with the lower olefins the rate of aldehyde 


from the 


= sutter in the proc ris 
in uorkde ts ymerised by Pideh ye photol rate of which is unchanged. 


This can be explained 


In the previous papers of this series (/., 1949, 2219 ef seg.) we have considered the reactions 
which occur when methyl radicals from the aldehyde photolysis interact with the lower olefins. 
As valuable information was obtained from measurements of the degree of inhibition of the 
photolysis by the olefin it was necessary to work at temperatures at which the chain length of the 
aldehyde photolysis was appreciable. At these temperatures (about 300° c.) the formation of 
high polymers from the lower olefins was not to be expected and the maximum degree of 
polymerisation observed corresponded to about three ethylene units per molecule. Polytetra- 
fluorcethylene produced commercially by catalysed liquid-phase reaction is very stable to heat, 
being unchanged and still solid at temperatures at which polyethylene decomposes rapidly. It 
was therefore of interest to investigate the interaction of methyl! radicals with fluoro-substituted 
olefins as it seemed probable that the propagation reaction might proceed further before the 
intervention of chain transfer or chain termination than with ethylene. 


EXPERIMENTAL, 


Muettods..-The experimental methods were the same as those described in Part I. The rates of 
aldehyde photolysis and of olefin 
measurements with chemical analysis 


at atmospheric pressure. They were displaced from the vessels with water, dried with p 

oxide, and fractionated between cooled traps, only the middle fractions being collected Larger 
quantities of the tetrafluorcethylene polymer were produced in a simple flow apparatus. The gas was 
passed slowly through a bubbler containing acetaldehyde at — 20° and the emerging stream containing 
about 50 mm. of acetaldehyde vapour allowed to flow through a quartz tube irradiated by a mercury lamp 
Tho polymer farmed as 0 white cheod in the gaa, the greater part settling to the bottom of the tube and 
Se ee About 4g. of the polymer were obtained in this 


a (i) Viney! fuoride, The rate of photolysis of 50 mm. of acetaldeh at 300° in the presence 
of virry! fluoride and the rate of the induced polymerisation of the latter are in Figs. | and 2 asa 
function of vinyl fuoride pressure. The rate of polymerisation is very similar to that of eth under 
the same conditions. In contrast to the behaviour with ethylene, the rate of aldehyde is 
unc though the latter is pol 

(ii) Tetrafworcethylene Figs. 1 and 2 also give the experimental results for the aldehyde-induced 
polymerisation of tetrafluorcethylene. Here the rate of polymerisation is almost ten times that of 
ethylene, and the rate of aldehyde photolysis is greatly accelerated instead of suffering inhibition. 


all 
; yde photolysis is very 
‘ luble solid polymer is 
3 results a chain polymerisation ts assumed to be initiated by meth 
photolysis, a fluorinated radical which can initiate further polymerisation being eventually 
3 produced by chain transfer. The experimental results require that this radical should be able " 
i to induce the dex —_ of a molecule of acetaldehyde into carbon monoxide and methane 
al 
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to the rates of the initial obtained 
corresponding obtained with a constant pressure of tetrafluorocthylene 
Fis. 1. 

Rate of photolysis of SO mm. of acetaldehyde in the 

of vinyl fuoride, and teira- 

. Smooth curve for 
ethylene is that calculated from equation (1). 


Fis. 4. 


Rate of polymerisation of 50 mm. of 
calculated from equation (11). 


7 


Initial aldehyde pressure, Initial aldehyde pressure mm 


the ole 
The photolysis of propaidehyde induces Soe, Gan marked acceleration of 
the rate of photolysis, as shown by the results able Li, — 


1597 
pressure-time 
the 
ond 
ethylene, vinyl fworide, 
from equation (11). 
3 
Ethylene Ethylene 
Initial olefin pressure, mm. Lovtia/ olefin pressure, mm. 
Fra. 3. 
hyde pressure. Smooth curve is that calculated 
from equation (1). 
i 
0 
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Photolysis of 50 mm. of acetone im presence of tetrafluoroethylene. 


Photolysis of 50 mm. of propaldehyde im the presence of tetrafluoroethylens. 
Initial Rate ofalde- Rate of C.F, Initial Rate ofaide- Rate of CF, 
polymerisation. pressure, mm. hyde photolysis. polymerisation. 


diffuse bands The positions of the crystal reflections correspond to © the side-spacings of high 
ht polytetrafluoroethylene, vamp oy May he material is a linear polymer in which the chains are 
side-by-side in the same way as in the hig + tho ceputale The diffuse bands correspond to those given 
the high polymer above 20°, and indicate that are disordered in the same way (Rigby and 
on, Nature, 1949, 164, 683). The degree Fart oe is greater, and the transition point (if any) lower. 
eg hy ty ymer; these differences, and the spottiness of the crystal reflections, are consistent 
with the low ular weight of the material. In short, the X-ray ——— 
material is a linear polymer of tetrafluoroethylene of com low molec 
The solid reaction product had a diffuse melting point of about 220°, which ts aboot | 160° below that 
of the high polymer. The infra-red spectrum showed bande fa the regions to be © ted for CH and 
CH, vibrations which are absent from the high polymer, otherwise the spectra were similar. 


Discussion. 


It has previously been shown (Danby and Hinshelwood, Proc. Rey. Soc., 1941, A, 179, 169) 
that in the methyl-radical-induced polymerisation of ethylene the growing polymer radicals 
may undergo one of two alternative fates, either disproport tion to give a methyl radical 
and en olefin (chain transfer), or isomerisation to an inactive form (chain termination). The 
results obtained in the induced polymerisation of vinyl fluoride may be explained if the latter 
process does not occur at all, every polymer chain undergoing chain transfer. If every methyl 
radical removed by reaction with the olefin is regenerated in the chain-transfer step there will 
be no change in the stationary concentration of methyl radicals and no alteration in the rate 
of photolysis. 

The marked acceleration of the rate of aldehyde photolysis in the presence of tetrafluoro- 
ethylene could be explained if the fluoroethylene, or an addition compound of it with aldehyde, 
absorbed in the ultra-violet region. Absorption spectra, however, showed no trace of any such 

additional absorptive process. 

The quantum yield for radical production in the primary process of the aldehyde 
is about 0-2 at 3150 a. (Blacet, J. Amer. Chem. Soc., 1942, 64, 893). Four-fifths of the absorbed 
radiation is therefore lost by collisional deactivation. Nevertheless the observed acceleration 
cannot be accounted for by an interaction of fluoro-olefin with the activated aldehyde molecules 
before their energy is lost. The lifetime of activated aldehyde is too short for this process to be 
effective and in any case the maximum acceleration in rate theoretically possible is about five 
times compared with the observed limiting acceleration of over eight times. 

The only alternative explanation is that fluoromethy!l radicals are considerably more reactive 
than methyl! radicals and that they are not lost in the process of causing aldehyde to react. 
From what we know of the reaction with ethylene, the induced polymerisation of the fluoro- 
ethylene must consist of the successive addition of olefin molecules to the initiating radical so as 

to build up a large radical. This radical in undergoing chain transfer may either regenerate the 
initial methyl radical or, alternatively, a radical such as CF, from the other end of the molecule. 


Initial C.F, Overall Rate of Initial C.F, Overall Rate of 
pressure, pressure photo- poly- pressure, pressure photo poly ; 
+ 10 6 10 314 
10 +0 54 80 405 
yw 159 100 12 466 
50 262 
Taste Il. 
20 140 12-6 80 28-0 450 
“ 216 250 100 0-5 545 
X-Ray diffraction photographs of the solid material were taken by Mr.C. W. Bunn who reports: 
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If the latter, then this fluoromethy! radical might react with aldehyde by one of two alternative 
processes 


The experimental resuits require no loss of fluoromethy! radicals and preference is therefore 
given to (a). This reaction may be an induced predissociation of the kind suggested by Taylor 
place nang Chem, Physics, 1939, 7,414). It may also be significant that Morris (/. Amer. 
Chem. Soc., 1944, 66, 584) found that mixed deuteromethanes were not formed in the pyrolysis 


of of This is consistent with reactions similar to («) 
above. We therefore arrive at the following mechanism for the polymerisation of tetrafluoro- 
ethylene induced by acetaldehyde photolysis : 


radical is assumed to be identical with that arising from a fucromethyl radical.) 
The usual stationary-state treatment of these equations leads to the following expressions 


for the rate of photolysis (¢) of aldehyde in the presence of fluorcethylene and for the rate of the 
induced polymerisation (¢) : 


where [A] = aldehyde pressure, 
[F] = tetrafluoroethylene pressure, 
py = aldehyde photolysis rate in absence of olefin, 
C’ hyhy/2hy, 
and = hy’ 


where » = average number of olefin molecules incorporated in product, 
K’ = (h,)*/h. 
and hgh,’ 


The values for the constants C’, C”, §nK’, and nK” which give the best agreement with 
experiment when substituted in equations (I) and (II) are 
C’ = 200 CY = 266 + 10°; = 840 x 104; nh” 212 x 10°. 
The curves calculated from these equations are given in Figs. 1—4 for comparison with the 


experimental measurements. 

From the above definitions of C’ and K’, we have 

/C’ 

From the values of jnK’ and of C’ which give the best agreement with the experimental results 
when substituted in equations (I) and (II) we can obtain a value for the ratio nA,/k,. The results 
presented in Part II showed that there was only limited variation in the value of the ratio 
hk, /k, for a series of different olefins. If we assume that the ratio 4,/4, in the polymerisation of 
tetrafluoroethylene induced by acetaldehyde photolysis has the same value as that for the 
polymerisation of ethylene, we arrive at the value 26 for the number of tetrafluoroethylene 
molecules incorporated into each molecule of product. This is in general agreement with the 
radicals) are still detectable by infra-red spectra, and with the X-ray diffraction data. 
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Mamalis, Petrow, and Sturgeon : 


By P. Mamas, V. Petrow, and B. Sturczon. 


ha been prepared the 
failed to reveal activity against a variety of organisms. 


Tux concept that a substance structurally related to a metabolite may interfere with the function 
of that metabolite in living cells provides a unique starting point for the synthesis of biologically 
active compounds. Experimentally illustrated in the case of sulphanilamide and p-amino- 
benzoic acid (cf. Fildes, Lancet, 1940, 288, 965), its application to the field of essential amino-acids 
has led to the preparation of bacterial inhibitors of quite remarkable activity. 

Tryptophan (1) is now largely accepted as an essential metabolite in bacterial species, whilst 
its analogues occasionally show competitive growth inhibition. Thus the B:-methyltryptophans 
(Rydon, J., 1948, 705) show varying degrees of activity against Bacterium typhosum 3390 ( Pildes 
and Rydon, Bru. J]. Exp. Path., 1947, 2B, 211), and 5-methyltryptophan inhibits the growth of 
B, coli (Anderson, Science, 1945, 101, 565). Apart from §-(3-thionaphtheny!)alanine * (Elliott 
and Harington, /., 1949, 1374; Avakian, Moss, and Martin, J. Amer. Chem. Soc., 1948, 70, 3075), 
the preparation of heterocyclic types related to (I) has received scant attention. We now 
report the synthesis of some tryptophan analogues derived from benziminazole, a ring — 
shown in these laboratories to be present in vitamin B,, (Beavan, Holiday, Johnson, Ellis 
Mamalis, Petrow, and Sturgeon, ]. Pharm. Pharmacol., 1949, 1, 957). 


cn N-CH,CH-CO,H.H,O 
Oia on) 
( (yr -¥ 


Ni NH 

Treatment of 1l-bydroxymethylbenziminazole with thionyl chloride gave 
bensiminazole hydrochloride which condensed readily with ethyl acetamid te in the 
presence of two moles of sodium ethoxide. As the resulting ester could not be isolated in a 
crystalline state, the product was directly hydrolysed yielding 4-(1-benziminazoly!)-a-alanine 
monohydrate (11), The molecule of water in (11) was retained even after the substance had been 
dried in vacuo, and indeed hydration seemed a characteristic of this series of compounds. 
Accurate analytical data were thus difficult to obtain. 

Attempts to extend the above reaction to the alkylbenziminazoles proved unsuccessful. 
5-Methylbenziminazole gave what was apparently an inseparable mixture of 5- and 6-methyl-1- 
hydroxymethylbenziminazole when treated with formaldehyde in methanol. 5 : 6-Dimethyl-1- 
hydroxymethylbenziminazole proved rather unstable, decomposing readily with liberation of 
formaldehyde, and no attempt was made to chlorinate it. 2-Methyl- and 2-ethyl-benziminazole 
failed to form I-hydroxymethyl derivatives under these conditions (cf. Bachmann and Lovell, 
J. Amer. Chem, Soc, 1946, 68, 2496). The condensation of these two compounds with 
l.acetamidoacrylic acid (cf. Adams and Johnson, ]. Amer. Chem. Soc., 1949, 71, 705) appeared 
to offer an alternative approach, but, in dioxan, only the preferentia! polymerisation of the acrylic 
acid occurred. Addition of quinol inhibited the latter reaction but the required addition still 
failed to take place. 

Condensation of 2-chloromethylbenziminazole or its hydrochloride with ethylacetamido- 
malonate and sodium cthoxide in boiling ethanol gave ethyl acetamido-(2-benziminazolylmethyl)- 
malonate (111) (65%), together with small quantities of a by-product, readily isolated from 
the reaction mixture by virtue of its insolubility in benzene. The by-product was identified 
as ethyl «-acetamido-§-(2-benriminazolyl)propionate (IV) by comparison with an authentic 
specimen prepared from the amino-acid (see below). 4-Methyl-, S-methyl-, and 5: 6- 
dimethyl-2-chloromethylbenziminazole hydrochloride, under the same conditions, gave only the 
corresponding acetamidopropwmic esters (ci. IV) in ca. 40% yields. Evidence for the form- 
ation of the malonic esters (cf. I[1) was obtained in the case of the 5-methyl isomer, but the 

* The “ #™ in this name refers to the position of the substituent and the substance might be termed 
B-(3-thionaphtheny!)-e-alanine Ep. 
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material could not be obtained crystalline. Ethyl acetamido-(1 


and IV) with hydrobromic acid gave the corresponding . 
benziminazoly!)-a-alanine was obtained as the dihydrate. 

Attempts to prepare 2-amino~y-(2-benziminazolyl)butyric acid by condensing o-phenyiene- 
diamine with glutamic acid were uniformly unsuccessful, 5-(2-(2-Bensiminazolyljethyl)- 
hydantown was readily prepared by reaction of the diamine with §-(5-hydantoinyl)propionic acid 
in 4n-hydrochloric acid, but its subsequent conversion into the amino-acid could not be 


Inter alia preparation of 5 : 6-dimethyl-2- idomethyibensiminazole was achieved by 
fusion of 4: 5-dimethyl-o-phenylened in “with hippuric acid aad this substance furnished 
5 : 6-dimethyl-2 ethyl le dihydrochioride on hydrolysis with concentrated 
hydrochloric acid. 2’-Phthalimidoethyl-o-phenyh diamine (Karrer and Naef, Helv. Chim. 
Acta, 1936, 19, 1026) was converted into the benziminarole and thence, by hydrolysis with 
hydrazine, etc., into 1-(2-amsinoethyl)bensiminazole dihydrochloride, 

Biological Results,—Dr. S. W. F. Underhill and his staff (Physiological Department, The 
British Drug Houses Ltd.,) have kindly examined §-(1-benziminazoly!)-, 8-(2-benziminazolyl)-, 
and §-(5-methyl-2-benziminazoly!)-a-alanine hydrate for a variety of biological properties. The 
compounds failed to affect the growth of Lactobacillus lactis Dorner (experiments with Miss 
F. E. Larkin, B.Sc.). They showed negligible activity against a variety of Gram-positive and 
Gram-negative organisms, including Mycobacterium tuberculosis (experiments with Mr. J. T. 
Gunner). They were likewise inactive against Trichomonas vaginalis (experiments with Miss 
M. Cash, B.Sc.) and Entamaba histolytica (experiments with Mr. J. T.Gunner). §-(2-Benzimin- 
azolyl)-2-alanine hydrate had a low toxicity on intravenous administration to albino mice, but 
proved an irritant at the point of injection when administered either intravenously or sub- 
cutaneously. It appeared to have little action on the central nervous system (experiments 
with Miss J. M. Lesford, B.Sc.). 


EXPERIMENTAL. 
M. p.s are uncorrected. Analyses are by Drs. Weiler and Strauss, Oxford. The benziminazoly!- 
a-alanines described below gave colours with a ninhydrin reagent in aqueous solution. 


1-Chloromethylbenziminazole ochlovide.—1-Hydroxymethylbenziminazole (16 g.) (Bachmann and 
Lowell, loc. cit.) was added in portions to thionyl chloride (150 mi.), and the clear solution heated under 
po oh for about l hour. Evaporation in os vea dre) gum which crystallised on treatment with 
1-Chlorometh ylbenziminazole ochloride ted from alcohol- benzene in needles, 
m. 174° (decomp.) (Found: N, 1 6. uires N, 13- 
1-Benriminasolyl)-a-alanine Monohydrate. —-Sodiam ( ) was dissolved in dry alcohol (150 ml.), 
andthe coldsolution treated with ethyl acetamidomalonate it followed by | -chloromethyibenzimin - 
azole hydrochloride (10-8 g.). After 2 hours’ boiling, the Hiied by freed from salt, was ev Coerated to 
dryness under re and the residual by passing a filtered benzene solution 
through a column of alumina. ae of t coon a yellow gum (10-7 g.) which was 
ysed by boiling it with concentrated hydrobromic acid (1 for 4 hours. 8-(1- 
ane dshydrobromide, isolated by to separated from water-acetone in 
192° (decomp.) (Found: Br, 43-0. C N,, 2H Br requires Br, 43-7%). An aqueous solution of thes 
hydrobromide was made faintly sikailee 1 *4 potassium hydrogen carbonate and then adjusted to pH 6 
with acetic acid. #-(1- ee ee monohydrate separated and was recrystallised from 
water-alcohol, forming prisms 196° (with foaming) ia) (Found C, 63-3; H, 66; N, 19-0. 


veieeal (15 ml.) was treated with formaldehyde solution (1 ml.; 40%) an 


centration gave colourless needles, m. p “or recrystallisation from methanol 
This was probably a mixture of 5- Find 1 (Pound N, 17-46. 
requires N, 17-3%). 
6-Dimethyl-l-hydros ethylb ted immediately on addition of formaldehyde to a 
mined with acetone and formed colourless prisms, 
m. p. 195—197° (decomp.) (Found: N, pes C,H, N, requires N, 15-90%) 
2-H ydroxymethylbenzimimazoles —The ate o-phenylenediamine (0-1 mol.) was heated at 
140. 150° for 2 hours with 66% Press os (0-2 mol.). The melt was triturated with dilute aqueous 
1 1 70%) sopareted’ om plates. 
yl- ibenziminazole ( ted m. 
145° (Found : 62; H N, 17-1. "Calo wON,: C, 66; H, 62; N, 17-39%). This 
previously been prepared by ughes and U Proc. R Rey. Soe., New South 1938, 


formed silver platelets (75%), m. p. 198°, from water (Found : 


1601 
malonate, on the other hand, was the sole product of reaction between 1-methyl-2-chioromethy!- 
benziminazole and the acetamidomalonic ester. Hydrolysis of these intermediates (types Li! 
accomplished 


taining a little alcohol (Foand C 7; 
5 6 Dimethyl (55 formed leaflets (from alcohol), m. p. 253-~-254° 


(Pound : N, 15-6%) 
or 
tor -hydroxymethyibenz . 

needies, m. p. 220° (decomp.) (Found: N, 13-9, Cl, 365 Colt 13-8; 
The free chicro-compound separated from equecns ueous alcohol in fine needles, m. p. 159° (Found i 
21-3. 166; Ci, 21-93%). Bloom and Day (J. Org. Chem, 4. 14) record 


the m. p. as 161". 
petroleum (b 


aeedics, m. p. 96° 166; Cl, tor N, 15-56; Ci, 1% %) Hughes 
Lions (Joc. cst.) give 
252° omp.) (Found 12-6; C322. CHUN 13-9; Cl, 32-7%). 
M sthyl-2 art (75%) felted needics, m. p. 216° (decomp.), 
from alcohol--benzene (Found N, 13-0; 
5. 6. Dimethyi-2-chloro omethyibensimimasole 70%) crystallised from 
acetate in bufl-coloured prisms, m. p. (decomp.) (Found requires 12 19. 
Condensation of 2-Chlor menaszole with Ethyl Acetamidomaionate — -Chiorometbylbenz- 
iminasole (12-3 g.) and ethy! acet jon, 18) were condensed in ethanol (150 ml.) conta: 
«xlium ethox (from 1-7 g. of sodium) by the standard procedure. roduct was extrac 
with boiling benzene (300 mi.}, and the iuie material (1:5 g.) recrystallised from alcohol—benzene to 
ve ethyl a-acetamido-p et, needles, m. p. 214° (Found: C, 60-6; H, 
0; N, 161. C\H,,O.N, requires C, 16-2%), not depressed on admixture with a 
imen prepared as below. The benzene Ad nn was chromatographed on a column of alumina 
(4 x Hom.), and the column washed with benzene-ethy! acetate (1:1; 500 ml.). Evaporation of the 
eluate crystallised on treatment with a little ethyl acetate. Ethyl acetamido-(2 
separated from benzene—light petroleum in rhumbs, m 
162-163" ( C, 683; 50; N, 123 C,,H,,O,N, C, 58-8; H, 6-0; 12- 
Coadensation of ydroc drochloride. wi th eth 
presence of 2 mols. of sodium ethoxide gave essentially the same Tesult. 
8-(2-Bensvminacolyl)-a-alanine Monohydrate. —H ysis of either of the ing intermediates with 
concentrated hydrobromic acid, followed by isolation in the manner descri above for the isomeric 
amino-acid, gave alanine as the monohydrate which crystallised from alcohol 
in Gne white needles, m 210° (with foaming) (Found: C, 542; H, 59; N, 185. C,H,,O,.N,H,O 
requires C, 53-8; H, 5-8; N, 180%). The bydrobromide lormed colouriees crystals (from water-acetone), 
m. p. 237° N, 147; Br, 26-0 wll, HBr requires N, 14:8; Br, 28-2%). 
Ethyl Acetamido-B-(2- hydrogen chloride was passed into a 
suspension of the amino-acid (1-4 g.) in boiling absolute ethanol (50 mi.) for | hour, whereafter the 
solution was evaporated to dryness. The residue was warmed with acetic anhydride (20 ml.) for | hour 
and the excess then removed under reduced pressure sation of the remdue from aqueous alcoho! 
containing a little ammonia and then from Fp gg t petroleum gave ethyl a-acetamido-B-(2-ben:- 
sminaszoly!) propionate, colourless oe Ayes m. p. 216° (Found: C, 610; H, 60; N, 15-2. 
CH, ON, requires C, 61-1; H, 62; is 2%). not depressed on admixture with a specimen prepared 
as above 
Ethyl acetamids-()-methyl- malonate, from 1-methy!-2-chloromethy! 
benziminazole (6-9 g.), ethy! acet 8-4 g.), and dry alcohol (100 mi.), containing sodium 
(0-85 g.), separ 80-100") containing a little benzene in fine needles 
Tel m. p. 133-134" (F 2; N, 124. C,,H,,O,N, requires C, 50-8; H, 64; N, 
{ 


8-(1-Methyl-2-6 solyl)-e-al, hydrate was obt I by hydrolysis of the foregoing 
ester, On drying in eacwo over oxide, formed ite powder, m. p. ca. 216—219 
foaming) (Found: C, 54-8; N, 17-4. C,,HyON,H,O requires C, 55-7; H, 62; 
N, 

(4- Methyl-2- M onohydrate.—-4-Chlorometh ylbenziminazole hydrochloride 
7-7 g.) and ethyl acetamidomalonate (5-8 g.) were condensed in boiling ethanol (120 mi.) containing 
sodium (1:75 g.). The reaction product in benzene (100 ml.) was chromatographed on a column of 
alumina (3-6 = 25 cm), and the column washed with benzene (300 ml.) containing 10% of ethanol. 
Evaporation of the eluate gave a reddish gum which ss x treatment with ethy! acetate. 
Ethyl propionate (4 from alcohol-light 
petroleum in needles, m 172° (Found; C 4; H,@7; N, ion requires C, 62-3; H, 
66; 145%). Hydrolysis gave (4-methyl- 2- monohydrate, needles (from 
water), m. p hoe (with foaming) (Found: C, 56-2; H, 65; N, 182. C,,H,,O,N,,H,O requires C, 
7, H, 62 17-8 


8-(5- Methyl- Monohydrate hydro- 


chloride (6-0 g.) was conde with ethy! acetamidomalonate (7-6 g.) in dry ethanol (120 ml.) containing 
sodium ethoxide (2 mols). The crude product was stirred with benzene giving ethyl a-acetamido-B-(6- 
propionate (3-9 g., 50%), colourless needles (from alcohol—benzene), m. p. 209° 
(Pound. C, 62-2; H,@7; N, 146%). The benzene-soluble fraction was not obtained crystalline, even 
after repeated chromatographic purification. On hydrolysis with concentrated hydrobromic acid it 

ve 2-benziminazoly!)-e-alanine, also obtained by hydro of the acetamidopropionic ester 

is compound, isolated as the monohydrate, formed colourless nestles, S2 p. 196° (with foaming), from 
water (Found: C, 666; H, @4; N, 17-7%). The Aydrobromide separated from water-acetone 
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ane of Synthetic Antimalarials, Part 1X. 1603 


ethyl 2-ben it pet 
at 78° /100 mm. (Found: C, 61-2; 
68; N, OH requires C. 616; H. 7-43; N, 120 Hydrolysis gave 6-di- 


ted from water con a little acetic acid as the 
8; 

5-(2-(2- acid (4g.; Dakin, Biochem. 
1019, 18, 406 ead (2 g.) were heated boric acid (30 
hour. ‘ed on basificats ammonia, was recrystallised from 
water (charcoal), ox Pp. (decomp.) (Found C, 367; HL 40; N, 2246. 

requires C- 40; H, 40; N, 22-09%). 
hiyae —2-Nitro- -hydroxyethylaniline (6-1 g.) was reduced in alcoholic 


solution when with hydrogen in the charcoal. diamine was transferred 
to 4n-hydrochloric acid 100" with formic acid (18 ml.) for 40 minutes, 


whereafter 
the uct was precip tated with ammonia solution and extracted with chloroform. oy 4 


. for 


. was prepared as above, the formic 
— by acetic acid, and 65%) from ethy! acetate—light petroleum in prisms, 
48° (Found: C, 68-4; N, requires 68-2; H, 69; N, 16-0%). 


1- needles (70 m. 133°, from aqueous 
alcohol (Found : N, 14-7 yONs ). 


Dimethyl - 2 - aminometh ochloride.—4 5- Dimethy! ylenediamine 

70° for 15 minutes. The product was ground and and then Fecryatallined cow et 
8: 6-dimethy!-2- sole in 233—-234° C, 68-9; 

C,,H, 68-7; H, 64%). This com (2-1 g.) was heated under reflux for § hours 
with ith concentrated hydrochloric acid, whereafter the Benzoic acid 
was removed by extraction with ether and the residee ised from . 6:6-De- 
methyl-2 lb ochlonide formed (900 mg.), m. p. 266-268" (Found 

1-(2- —2’- lenediamine (3 g.; Karrer and Naef, 


yl-o-pheny 
Hele Acta, “1936, 19, 1026) and formic acid (12 heated for hour. On 
—— with aq 1-(2-phthal separated and was 
froan alcohol, m. 211° (Pound N, 14-1. 
This intermediate (2- nd and hydrazine hydrate (25 mi.) were heated pv ux for 2 hours. 
solution was ra and the residue treated with dilute h hioric acid and filtered from phthal- 
(750 mg.) was isolated from the filtrate 


eva) and was rec from @. 900° (found : 
H. 8; Cl, 30-6. C,H,,N,. requires C, 46-2; H, 5-6; N, 180, Cl, 90-3%). 


results. 


Reszarcn LasoraTorizs, 
Tae Berrise Houses Lrv., Lonpox, N.1. 
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332. Contributions to the Chemistry of Synthetic Antimalarials. 
Part IX. Some Pyrimidine Derivatives. 
By J. S. Morrarr. 
The my of 


thea, ony the fest 


[1950) 

in colourless 

the picrate in 

N, 18-86%), 

formed long yellow needles (from 2-cthoxyethanol), m. p. 205° (Found: N, 17-4. Calc 
C,H ,,ON, C,H,O.N N. 17-09 

Tus work was initiated in continuation of a project to prepare and examine for antimalarial 
activity alkylaminoalkylamino-derivatives of simple heterocyclic systems (cf. Part I, Ashley 
and Grove, J., 1945, 768). The pyrimidine ring was chosen since, at the time this work was 
begun, it did not appear to have received attention in previous antimalarial investigations 
although its biological importance was well known. Moreover, the amidine grouping, which 
may be considered to form part of the pyrimidine ring, is present in certain aromatic diamidines 
such as | : 5-di-p-amidinophenoxypentane (Pentamidine) which show some chemotherapeutic 
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activity in experimental malaria (Fulton, Ann. Trop. Med. and Parasitol., 1940, 34, 53; Yorke, 
Tvans. Roy. Soe. Trop. Med. and Hygiene, 1940, 38, 463). Considerations which led to the 
study first of derivatives of 2-p-chlorophenylpyrimidine were : (i) 2-arylpyrimidines appeared to 
be among the more readily accessible of pyrimidine derivatives and therefore one of the 
objectives of this work became the preparation of (1; R = OMe) which is of the same order of 
molecular complexity, and contains the same basic side-chain, and chloro- and methoxy- 
substituents as Mepacrine; (ii) it has been found in these laboratories (Moffatt, unpublished 
observation) that introducing a p-chlorophenyl group into one of the amidine groups of | : 3-di- 
f-amidinophenoxypropane (Propamidine) enhances the slight antimalarial activity of the 
diamidine. During the course of the preliminary work described below, a number of derivatives 
of 2-alkylaminoalkylamino- and 2-amino-4-alkylaminoalkylamino-pyrimidine were described 
by Adams and Whitmore (J. Amer. Chem. Soc., 1945, 67, 735, 1159), and shortly after it was 
completed, the author learned (Curd and Kese, Scientific Meeting, Chemical Society, 
February 7th, 1946) of the series of comprehensive researches, which had been initiated by 
Curd, Rose, ef al. (see J., 1946, 343 and subsequent papers), on alkylaminoalkylaminopyrimidine 
derivatives. Accordingly, further work along similar lines was abandoned. It is now apparent 
that the preparation of the pyrimidine derivatives described in the present work was not under- 
taken by these authors or their collaborators, and therefore the syntheses are now recorded. 
p-Chicrobenzamidine was cond d with ethyl malonate in presence of excess of sodium 
ethoxide (cf, Dox and Yoder, J. Amer. Chem. Soc., 1922, 44, 361) to give 4: 6-dihydroxy-2-p- 
chlorophenyipyrimidine which was converted, by Baddiley and Topham's method (/., 1044 
678), into 4: 6-dichloro-2-p-chlorophenylpyrimidine. Use was inade of the oft-observed fact 
(see ¢.g. Buttner, Ber., 1903, 36, 2227) thatthe chlorine atoms in 4 : 6-dichloropyrimidines, by 
choice of conditions, may stepwise be made to react with reagents such as sodium methoxide 
and amines. Thus, 4: 6-dichloro-2-p-chlorophenylpyrimidine with 4-diethylamino-1-methyl- 
butylamine at gave 4-chloro-6-(4-diethylamino- 
phenylpyrimidine (1; R= Cl), A large excess of the aliphatic diamine and a temperature of 


of 


ca, 210° gave 4: 6-di-(4-diethylamino-1-methylbut ylamino) -2-p-chlorophenylpyrimidine (1; R = 
NiVCHMe\CH,),-NEt,). With ethanolic ammonia at 125-—130° and one equivalent of sodium 
methoxide in boiling methanol the 4: 6-dichloropyrimidine afforded, respectively, 4-chloro-6- 
amino- and 4-chloro-6-methoxy-2-p-chlorophenylpyrimidine. With 4-diethylamino-1-methyl- 
butylamine at 200°, the former yielded 4-amino-6-(4-diethylamino-l-methylbutylamino) - 
R= NH,) and the latter 
phenylpyrimidine (1; KR «— OMe). These were accompanied by small quantities of by-products ; 
in the case of the former condensation, the by-product was identified as 4-diethylamino-N N-di- 
(II). For the preparation of 
(1; R= H), it was 
considered desirable to start from the appropriate monohydroxy-pyrimidine in order to avoid 
the ambiguity which might arise from removal of one chlorine atom from the corresponding 
6-chloro-derivative of 4-(4-diethylamino-1-methylbutylamino)-2-p-chlorophenylpyrimidine (I; 
R = Cl). This appeared to be accessible by application of the method of Gabriel (Ber., 1904, 
37, 3638), who obtained 4-hydroxy-2-methylpyrimidine by interaction of approximately 
equimolecular proportions of acetamidine hydrochloride and ethyl! sodioformylacetate. How- 
ever, interaction of similar proportions of the latter and p-chlorobenzamidine hydrochloride 
yielded a substance, C,,H,,ON,Cl,, which, on being heated at its m. Pp. decomposed to give 
ammonia, p-chlorobenzouitnie, and 4-hydraxy-2-p-chlorophenylpyrimidi The hydroxy- 
pyrimidine was the principal product of the interaction of equimolecular amounts of p-chloro- 
benzamidine and ethyl sodioformylacetate. It was converted into 4-chloro-2-p-chlorophenyl- 
pyrimidine which, with 4-diethylamino-1-methylbutylamine at 190°, yielded 4-(4-diethylamino- 
(1; K = H). 
Each of the compounds (1; R « H), (1; R= Ci), (lL; NH,), (1; R = OMe), and 


s+ 
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(I; R= NHCHMe[CH,),NEt,) was examined against P. gallinacewm in chicks, but only 
(1; R = H) showed any activity, and then only of a low order. 


af ) im anhydrous ethanol 

Amer. Chem. Soc., 1935, §7, 381) (33 g.), followed by yi malonate (25-5 g.). The mixture was 
heated under reflux on a water-bath for 6 


ds 
ydroxy-py (29-8 


stage. Asam rated ifn wad ch * (decomp.) 
(Pound N, 12-3; requires N, 12-6; Ci, 16-09%) 4 
aylaniline (28 c.c.) 


ice. 
, 10-6; 


chloro- 
compound (3 g.) was under reflux a of 4-dieth -methylbutylamine 
Bon.) ond (18 cc.) in an off ot 100-105", for 3 hours ost of the solvent was thea 
allowed to distil off, and the residue was treated with water and ether. The ethereal layer was washed 
several times with water, The residuai base distilled at 105— 
200° 0-05 mm. bath temp.), N, 14-7; Cl, 166. Cy 
147; Cl monopicrats w orange rhombs (from et 
. 158° (Found: C, 49-4; u's N, 16-9. 40:2; H, 48; 


6-Di-(4-diethylamino-1 hylimsy/ )-2-p-chlor i —4 6-Dichloro -2 - p -chloro- 
phenyipyrimidine (3 g.) was heated with a mixture of but (14-6 g.) and 
anhydrous methanol (12 c.c.) at 200-——210° for 5 hours in a sealed tube reaction mixture was 
concentrated on a water-bath, and the residue treated with water and ether. The ethereal solution was 
— several times with water and the solvent then evaporated. The residue was fractionally distilled 

under reduced pressure, and the fraction (5-1 g.) which distilled at 206-—220° /0-02 mm. (bath temp.) was 
collected. This was extracted with 0 5n-hydrochloric acid, and the extract was filtered, extracted twice 
with ether, and then made alkaline with dilute sodium hydroxide solution. The base which separated 
distilled at 222—230°/0-01 mm. (bath asa oil (4-9 g.), which became very viscous 
on cooling (Found: C, 67-4; H, 92; Cl — Cc, 66-9; H, @4; CL 71 Its 
separated from ethanol in minute, bs, m. p. 195-107" (Found : Cc, H, 

N, .C1,2C,H,O,N, requires C, 49-9; 54; N, 17-06%). 

_p-chlovophenylpyrimidine.— -A mixture of 4: 6-dichloro-2-p Pe 
ine % g.) and anhydrous ethanol (30 c.c.) saturated with ammonia was heated at 125-128" for 3 hours 
in a sealed tube. The reaction mixture was concentrated on a water-bath; the residue was triturated 
with water, filtered off, and then tedly recrystallised from ethanol to give the amine as needles 
(3 ¢.), m. p. 190° (Pound: N, 17-1; Ci, 300. C iN, uires N, 17-5; Ci, 20-6%). 

4- A mino-6- nylpyrimidine — -The 4-chloro-6-amino- 

midine (2-8 g.) was heated with 4-diethylamino-1l-methy!lbutylamine (5.c.) and anhydrous methanol 

5 c.c.) for 3 hours at 205—210° in a sealed tube. The crude product distilled at 202-212" /0-06 mm. 
(bath temp.). It was extracted with 0-6n-hydrochloric acid. insoluble residue, on treatment with 
Pound; C, 61-7; H, 59; N, 196; 12-6. CyH,,NyCl, requires C, 61-6; H, 60; N, 10-8; 
2-6%). The aqueous acid extract was “made alkaline with dilute sodium hydroxide , the ohne 
4 amino-6-( distilled at 204—212° (0-06 mm. 
(bath uorescent oil (2-8 which set to a clear, om cooling 
63-0; H, 7-2; N, 196; Cl, 10-8. 63-1; H, 7-7; N, 104; Cl, 00%). 
mor crystallised from ethanol, had m. fi * (Bound; C, 45-6; “i, 44; N, 168. 
C1,2C,H,O,N, requires C, 66-4; H, 42; 18-68% 
hloro-8-met omy-2-p-c int —A af 4: 6-dichloro-2-p-chlorophenyl- 
pyrimidine (5 g.) in methanol (150 c.c.) was boiled under refiux and treated dropwise, during 15 minutes, 
with a solution of sodium (0-44 g.) in methanol (10 ¢.c.). The mixture was boiled under reflux for one 
hour and thea concentrated to a small bulk. The chloromethoxy-compound, which crystallised out, was 
off, washed with water, and recrystallised from methanol to give needles (3-4 g.), m. p. 95-96" 
= N, 10-9; OMe, 12-5. C,.H,N,C1,(OMe) requires N, 11-0; OMe, 12-2%) 
chloromethoxy- 
compound (3-5 g.) was heated with 4-dieth ylamino-1-methy!butylamine (6 ¢.c ) and anhydrous methanol 
(20 c.c.) at 200--205° for 3 hours in a sealed tube. Isolated in the usual manner and purified by 
extraction with 0-5n-hydrochloric acid, the base distilled at 176—185°/0-05 mm. (bath temp.) as a 
viscous yellow oil (2 g.) TFound : N, 161; OMe, #4. C..H,.N,CHOMe) requires N, 14-9; OMe, 8-2 
Its dipicrate formed yellow needles (from ethanol), m. p. 146—i47° (Found C, 460; H. 44; N, 1 


ON requires C, 46-0; H, 4-2; N, 16 
The Reaction of p-Cllercbenssanidine Hydrochloride with Ethyl Sodioformylacetate.—A solution of the 


amidine hb ethanol (25 c.c.) was treated with ethy! sodioformy!- 
acetate loc. cit.) (2°76 ¢.) The mixtare was heated under reflux on a water-bath for 3 hours 
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and then filtered hot to remove sodium chloride. The solid (2-3 g.) which separated from the filtrate was 
collected, washed with water, and recrystallised from ethanol to give » m. p. 131-—134° (decomp.), 
of a substance (Found, on material dried in a vacuum desiccator 13-8%) which, pte 
at 100° /12 mm. for § hoors, lost 11-6 of waight gave the — 200° 
(Found: C, 666; H, @i; N, 153 ON Cl, requires C, 56-5; H, 30) N 15-5%. 
CoH requires 13-6) loss st The latter (135 heated 
19h 2d0° for one hour, gradually decomposed panes was evolved and white needles (40 mg.) 
of p-chiorobenzonitrile subliamed from the mixture. The non-volatile residue, on crystallisation from 
ethanol, yielded needies (60 mg), 244—245°. of ¢-hydrory-2-p-chior yipyrimidine (Found 
0, HL. 134. Cy wires C, 58-1; H, 34; N, 13-69 
The Reachom of p-hlorobensamids Ethyl Sodsoformylacetate —A tion of sodium (1-38 g.) 
in ethanol (0 was treated with hydrochlonde The mixture was 
shaken and warmed gently until ation of sodium chloride was complete. It was then treated with 
ethyl! sodioformylacetate (#28 g.), ted vader reflux on a water-bath for 5-5 hours, and then set aside 
for 12 hours be residue left on concentration of the mixture on the water-bath was treated with 
water (#0 and the solution Altered from a tity of gelatinous material. The filtrate, 
ed orange plates (2-0 ¢.). on recrystallisation from ethanol, ya 
145-—148" (decomp.), of sbenzamidine monohydrate (Found: N, 16-3. 
aires N, 162%) which, with ethanolic chionde, yiekied p-chlorobenzamidine 
aqueous filtrate, when acidified with 50% acetic acid, gave a precipitate (6-8 g.), 
ich was separated by fractional crystallisation from ethanol into idine monohydrate 
(lo ¢) a the more soluble product, and, as the less soluble product, needies (4-4 g.) of 4-hydroxy-2-p- 


chlor 
p-chlorophenyl pyrimidine —4-Hydroxy- (4-5 «.) was boiled 
ener 06 (2 c.c.) and dimet yianiline (5c.c.). The chloro- 
compound (3-4 g ) was subli at 100° /0-04 = and then recrystallised from ethanol to give plates. 
m. 121.122" (Pound N, 120; Ci, 31-8 Nhs Tequires N, 12-5; Cl, 31-65%). 
4-(4- Diethylamino-1- meth yibutylameno). 2-p-e vipyrimidime —The chloro-compound (2-25 g.) 
was heated with 4-diethylamino-1-methyibutylamine (63 g.) and anhydrous methanol (§ cc.) at 185-—— 
190° for 4-5 hours in a sealed tube. The base a as a colourless oil (3 g.)-at 176-—184° 0-01 mm. 
th temp.) (Found: C, 65-7; H, 76; N, 162. C,,H,,N,Cl requires C, iss: H, 7-8; N, 16-2 ) 
ts diprcrate rated from acetone—ether in yellow needles, m (Found : 463; HL 
N, 17-2. Cy requires C, 462; H, 1; 


The author is glad to acknowledge his indebtedness to Dr. A. J. Ewins, F.R.S., for his interest in this 
work, to Dr. R. Wien and his assistants for the biological data, to Mr. S. Bance, B.Sc., A.R.1.C., for the 
various semi-microanalyses, and to the Directors of May and Baker Ltd. for permission to publish 
these results 


Reseancn May and Baxer Lrp., 
Dacennam. (Received, February 27th, 1950.) 


333. Alkaloids of Daphnandra Species. Part III. Micranthine. 
By I. R. C. Biex and A. R. Topp. 


Micranthine, obtained as the sole alkaloidal constituent of a specimen of the bark of D. 
micrantha grown in Queensland, has a molecular formula C,,H,,O,N, and contains one methoxy- 
and one methylimino-group @ combination of adative studies and consideration of 
og possibilities, it is conc that the alkaloid has structure (VI) in which R, = H. 
of and R, one is H and the other Me, and of R, and R, one is H and the other 
- ‘Micranthine 1s — to be regarded as one of the small group of bisbenzylisoquinoline 

mds containi dioxin system, the other members being trilobine and isotrilobine 
} and (VIII)), for which structure [(X) or (X1)) is preferred, and normenisarine. 
® agreement with the structures proposed for micranthine and menisarine, N- -methyldihydro- 
menisarinemethine and OON-trimethylmicranthinemethine (X11) ) appear to be identical, whilst 
N-methyldihydromenmarine is the enantiomorph of OON-trimethy 


Tue alkaloid micranthine was first described by Pyman (/., 1914, 1619) as a minor constituent 
of the bark of the Australian tree Daphnandra micrantha, where it was accompanied by much 
larger amounts of the alkaloids daphnandrine and daphnoline. As reported in Part II of this 
series (Bick, Ewen, and Todd, /., 1949, 2767), we were unable to detect either of the last two 
alkaloids in a sample of D. suicrantha bark collected in southern Queensland; this bark, 
however, contained micranthine in much larger quantity than Pyman's material. The bark used 
by Pyman appears to have been collected in New South Wales and there is some reason to believe 
that local botanical variation occurs within the species; this matter will be discussed in a later 


Using an improved isolation procedure, micranthine, identical with the alkaloid described by 
Pyman (Joc. cit.), was obtained in a yield of ca. 2%. Analysis showed that it contained one 


q 
> 
i 
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methoxy- and one methylimino-group, and indicated a formula C,,H,,O,N, rather than the 
CygHyO,N, proposed by Pyman (loc. cif). Tests for methylenedioxy-groups gave negative 
results, but with a mixture of nitric and sulphuric acids the alkaloid gave a blue coloration. 
Parallel tests showed that the colour was apparently identical with that given under similar 
conditions by trilobine (Tomita and Tani, J. Pharm. Soc. Japan, 1942, 62,94; Tani, ibid., p. 146) 
and menisarine (Kondo and Tomita, Arch. Pharm., 1936, 274, 73), alkaloids of the Far Eastern 
menispermaceous plants Coccudus sarmentosus and Cocculus trilobus ; this test is usually considered 
specific for the phenodioxin (diphenylene dioxide) system present in these latter alkaloids 
(Kondo and Tomita, J]. Pharm. Soc. Japan, 1932, 62, 139; Tomita, sbid., p. 147; 1933, 53, 138). 
The usual tests for phenolic groups gave negative or indecisive results, but the alkaloid appeared 
to contain two active hydrogen atoms (Zerewitinoff) and, although it was insoluble in aqueous 
alkali, it dissolved in Claisen’s cryptophenol reagent (Amnalen, 1919, 418, 96) and was recovered 
unchanged on neutralisation. It seemed therefore probable that micranthine contained two 
phenolic hydroxyl groups. Moreover, from its molecular formula and its occurrence (Pyman, 
joc. cit.) in the same plant source as the bisbenzylisoquinoline alkaloids, daphnandrine and 
a Ewen and Todd, loc. cit.), it was likely that it belonged to the same series, or, 
, to the sub-group of the series represented by trilobine and menisarine. These 

Heated with methyl! iodide in methanolic sodium methoxide, micranthine yielded OON-tri- 
methylmicranthine dimethiodide, and this on Hofmann degradation gave the optically-inactive 
base OON-trimethylmicranthinemethine which contained three methoxy-groups. Since the 
original alkaloid contained only one methoxy-group, it is evident that the others must have been 
introduced at the initia] methylation step, and hence the view expressed above that micranthine 
contains two phenolic hydroxyl groups is confirmed. A portion of the methine base was 
treated with methy! iodide and the crystalline dimethiodide submitted to Hofmann degradation, 
yielding OO-dimethylde-N-micranthine. Ozonolysis of a second portion of the methine base 
pe products, one of which was identified as 5 : 4’-diformyl-2-methoxydipheny! ether (I; 

= Me), previously obtained as a degradation product from a number of bisbenzylisoquinoline 
pterers The second product, an amino-aldehyde, was converted into its dimethiodide and 
again degraded by the Hofmann procedure, giving a crystalline substance which, from its 
analysis and properties, appeared to be a diformyldimethoxydivinylphenodioxin. 


HO, 


Jou nol 
(IL) 
CH, 
ore 
(Iv. 
R, 
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It ss clear that a knowledge of the detailed structure of the phenodioxin derivative obtained 
by the above procedure would go far towards establishing the structure of micranthine. In 
endeavouring to deduce the structure of these two substances some assistance can be derived 
from suggestions put forward by Faltis and his co-workers (Ber., 1930, 63, 806; 1941, 74, 79; 
Annaien, 1032, 407, ©; 408, 301) and by Kondo and Tomita (Arch. Pharm. 1936, 271, 65) 
regarding the biogenesis of the biscoclaurine alkaloids. According to their views, these alkaloids 
are considered to be derived from two molecules of norcociaurine (11) joined together by a variable 
sumber of ether linkages formed as a result of dehydrogenation or dehydration. Thus 
daphnoline (Bick, Ewen, and Todd, lec. cit.) could be derived from the hypothetical 
bi Jaurine), structures (11) or (IV). by methylation of one imino-group and the two 
hydrosy-groups at position 6 in each of the isoquinoline nuclei ; daphnandrine (Bick, Ewen, and 
Todd, lee, ett.) could be formed from daphnoline by methylation of the free hydroxyl group in 
the benzyl aucleus. Condensation processes of this nature must yield bisbenzylisoquinoline 
alkaloids which are O-substituted at positions 6 and 7 of the ssoquinoline nuclei, and which may 
also be substituted at position &, but only by oxygen in an ether cross-linkage with the other 
norcoclaurine residue. These conditions hold good for all the biscoclaurine alkaloids so far 
examined; moreover, no known alkaloid of the group is substituted at position 5 in an 
isoquinoline nucleus, When alkaloids of this group containing a phenodioxin system are 
considered, only the structural types (V) (which is more conveniently represented as (V1)), (VII), 
and (VIL) meet the necessary requirements as regards substituents. Oi these, only an alkaloid 
based on (V3) could, by the process of repeated Holmana degradation, yield a diformyldi- 
methoxydivinylp such as was obtained from micranthine. Of the other two 
structures, (VII) and (VII), one has been shown to represent trilobine (R = Me) and the other 
tsotrilobine (R — Me) (Tomita and Tani, Joc. cst.) and both yield by the same series of degradations 
& monomethoxy-phenodioxin derivative. Our conclusion is therefore that micranthine must 
structure (LX) (4: 0-diformyl-i ; 6-dimethoxy-3 ; 8-divinylphenodioxin). A space model of 
(VI) shows that there is no undue strain within the molecule only if there is the same stereo- 
chemical configuration about each of the asymmetric centres (marked with asterisks). It will 
be observed that (V1) can readily be derived from (III) or (IV), the hypothetical precursor of 

ne, which may well be itself the precursor of micranthine in the . 

If these arguments and conclusions be accepted, then in micranthine (VI) two of the groups 
Ry, Ry, and R, must be H and one Me. N-Methylmicranthine dimethiodide was ethylated and 
the resulting N-methyl-VO-diethylmicranthine dimethiodide submitted to Hofmann degradation. 
The N-methyl-O00-diethyimicranthinemethine so obtained was ozonised and the neutral product 
obtained from it was identified as 5 : 4’-diformy!-2-ethoxydiphenyl ether (I; R =< Et) by direct 
comparison with a specimen prepared by a similar route from repandine (Bick and Todd, J., 
1948, 2170). Since the ethoxy-group in this compound must correspond to a hydroxyl group in 
the starting material, R, must be H in micranthine. We are therefore justified in ascribing to 
micranthine structure (V1), in which R, ~ H, of R, and R, one is H and the other Me, and of 
R, and R, one is H and the other Me. 

A structure closely related to (VI) was originally considered, among a number of others, for 
the alkaloid menisarine by Kondo and Tomita (loc. cit., 1936) but was rejected in favour of two 
alternative structures more in keeping with the then current formula of trilobine and isotrilobine 
(Paltis, lee. ett., 1932), The now accepted structures for trilobine and isotrilobine, (VII) and 
(VIII), were finally proposed by Faltis, Holzinger, Ita, and Schwarz (loc. cit., 1941) and their 
validity was established by Tomita and Tani (Joc. cit.), who synthesised the methoxydimethyldi- 
ethylphenodioxin obtained from them by reduction of the aldehyde end product of Hofmann 
degradation. The Japanese workers suggested at the same time that structures (X) and (XI), 
which correspond to type (V), should again be considered for menisarine. If Kondo and 
Tomita’s earlier experimental evidence (/. Pharm. Soc. Japan, 1935, 55, 100) is re-interpreted in 
terms of (X) or (X1) for this alkaloid, then it is evident that dihydromenisarine must be 
sented by (VI; R, ~ H and R, = Me or vice versa; R, = R, = R, = Me) and N-methyldi- 
hydromenisarinemethine by (XII). If the formula proposed for micranthine (VI; R, = H and 
Ry ~ Me or vice versa; R, = H and R, = Me or vice versa; R, = H) and menisarine (X) or 
(XI) are correct, then (X11) should also represent OON-trimethylmicranthinemethine. The 
melting points of the two methine bases, together with those of certain of their derivatives and 
degradation products are compared in Table I, the values for the menisarine derivatives being 
those given by Kondo and Tomita (Joc. cit., 1935); the comparison supports our view that 
OON -trimethy!micranthinemethine and N-methyldihydromenisarinemethine are identical. 


Part Ili. Micranthine. 


dimethiodide 
OON- 
De-N-dibydromenisarine .. 


The dimethiodides (XIII), from which these methine bases (XII) were obtained by Hofmann 
degradation, each have two asymmetric centres and 4 priori might be identical, enantiomorphic, 


oy 


UMe (XIN) 


or diastereoisomeric. As has been mentioned above, however, space models indicate that a 
molecule such as (X111), containing asymmetric centres with dissimilar configuration, if it existed 
at all, would be under great internal strain; the possibility that the two compounds are 
diastereoisomers can therefore be virtually excluded. To distinguish between the other 
possibilities, N-methyldihydromenisarine dimethiodide was prepared as described by Kondo 
and Tomita (Joc. cit., 1935) from a small sample of menisarine generously provided by Prof. 
Kondo; it had m. p. 265° (decomp.) and [aJj? +150° (c, 01 in water), OON-Trimethyl- 
micranthine dimethiodide had m. p. 256—-260° (decomp.) and [a] —158° (c, 0-4 in water). 
The quantity of \-methyldihydromenisarine dimethiodide was too small to permit of further 
comparisons, but we feel justified in concluding that it is the enantiomorph of VON -trimethyl- 
micranthine dimethiodide. In connection with the formulation of menisarine as (X) or (XI), it 
is of interest to note that its reduction to dihydromenisarine involves an asymmetric synthesis 
at carbon atom 4, the new asymmetric centre formed at this point having the same configuration 
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Taste I. 
M. p. 
210 
Aminoaldehyde dimethiodide from memisarine 224 (decomp. ) 
Aminoaldehyde dimethiodide from micranthine 225 —230 (decomp) 
Diformyidimethoxydivinylphenodioxin from menisarine .................. > 300 
>300" 
OR cH OR CH, 
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OR 
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Hy’ )OMe He’ 
MN , Na Lo 
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Me Me (XL) 
He OMe He” 
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as that at carbon atom b. This is in accord with the recorded specific rotations of menisarine 
(+ 149-4") and dihydromenisarine (+ 265-8"); the latter value may be compared with the value 
— 231° found for micranthine. 

The absorption spectrum of micranthine is shown in the figure, together with those of trilobine 
and oxyacanthine, The close similarity between the micranthine (Aq,, 2860; Agi, 26104.) 
and trilobine (qe, 2880; dou. 2610 4.) spectra is presumably due to the common phenodioxin 
system. A corresponding similarity between the spectra of trilobine, tsotrilobine, and dihydro- 
menisarine (osx, 2860; Agus 2630 4.) has already been noted by Kondo and Tomita (loc. cit., 


1935). 
| 


Absorption spectra of oxyacanthine (J), micranthine (11), and trilobune (111) in methanol. 


EXPERIMENTAL. 


Estraction of nd bark (100 g.) was extracted by 
starred overnight wi %) and filtered. The process was repeated u 
the extrac —— only a weak positive reaction with att sreagent. The combined extracts ote (4 L.) were 
comcentrat 


in vacwo, and after filtration the solution (500 ¢.c.) was made strongly alkaline (pH > 11) 
with aqueous sodium hydroxide to precipitate non-phenolic alkaloids. The precipitate was removed by 
centrifugation, redissolved in aqueous tartaric acid (500 c.c.; 1%), and reprecipitated as before, then 
washed with water by centrifugation. The washing was repeated until the centrifugate was only 
htly alkaline. After being dried, first in a vacuum desiccator over calcium chloride, and finally at 
50" /0-1 mm. over phosphoric oxide, this precipitate (5 g.) was extracted in a Soxhlet apparatus with 
ether. Crude micranthine gradually from the ethereal extract and was remo at intervals 
as a yellowish amorphous sol Extraction was complete after 5 days; the extract was eva) ted and 
the residue so obtained added to the main bulk of crude ——— (total yield, 2:3 g.) ¢ residue 
from the extraction gave weak alkaloid tests =. - $% reagent; a portion was extracted with 
chloroform, but the residue left after evaporation of extract gave no Millon test, indicating 
mae daphnoline and daphnandrine were absent wipick. Ewen, and Todd, jvc. cit.); it could not 
crystallised 
combined alkaline centrifugates and obtained after the non-phenolic alkaloids in the 
original extract had been precipitated were saturated with carbon dioxide and the precipitate separated 
by centrifegation. After being washed and dried as described above, the sipitate (0-7 g.) was 
exhaustively extracted with ether in a Soxhlet a tus. After removal of the ether, the residue 
eh ), which could not be crystallised, gave a wea’ — Meyer reaction but the — test and 
iphenylene dioxide (phenodioxin) test (Kondo ta, loc. cst., 1932 negati 
The yield of crude micranthine from a large-scale extraction of bark (2-2 kg.) by the ome procedure 


was 65 ¢ 

theme —A le of crude micranthine (5-0 g.) 
poured on a column of neutral alumina (ca. 150 g.). The column was washed with chloroform, the 
washings evaporated to dryness iw vacwo, and the residue (4-4 g.) moistened with methanol, whereupon 
it set to a mass of colourless needles. Recrystallieed from ethy! acetate and then from methanol, and 
finally dried at 100° /0-1 mm_., micranthine formed colouriess needles which on being heated softened at 
185" and melted at 19¢—196" (Pyman, lec. cit., records sintering from about 190° and gradual melting 
and decomposition at 196°). Admixture with a sample of micranthine isolated by Pyman did not 
the m.p. Micranthine is sparingly soluble in methanol, ethy! acetate and benzene, rather more ble 
in chloroform and ethanol, and very slightly soluble in ether. In chloroform it had [a)f? — 231° (¢, 0-7). 
With Frohde's reagent it gave an indigo solution, becoming emerald green. With concentrated fh Nas 


| + | 
| \ 
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acid containing a trace of nitric acid, micranthine deep-blue colour, identical with that produced 


solution of micranthine (1-0 g.) uric acid (100 o.c.; 

0-5%) gave a 5) on cooling. Rec 
hot water, micranthine sulphate formed colourless needles, 310° (decomp.), —127° 
te, 0-5 for anhydrous salt in water) (Found: C, 57-7; H, 64; N, 4 loss at 110°/0-1 mm... Cale. 


for H,SO, 24H,O : C, 57-3; H, N, 40; HO, 64 


(00 ca) ond (0 ce) won ur (08 
d methoxide was added, and heating continued for a further 6 hour period; the process 
tn 6 bad The solvent was removed mm cacwo, and the 
residue taken up in hot water. The yellow amorphous solid which was deposited on cooling the aqueous 
and the solution boiled with a little copper 
ipitate which was filtered off and dissolved in hot methanol. From the solution colourless needles 
im water) ( 484. at mm. requires 
29; _H,O, 83%). 


—OON-Trimethylmi thine dimethiodide (3 g.) was dissolved 
in water (1 1 and shaken with freshly prepared silver oxide (from 3-0 g. of silver nitrate) until the 
solution was from iodide ions (2 hours). The filtered solution was concentrated to 100 c.c. under 


moistened with methanol, in , m. p. 
115", (elf 0-0° (¢, 0-8 in chloroform). it gave no coloration with ferric chloride, was Millon negative, and 

uble in Claisen's c reagent (Found: C, 73-7; H, 6-6; Na. 3 MeO, 12-7. Calc. for 
C, 73-6; H, @ 44; MeO, 14-7 


'—OON-T hyimi 
(0-5 g.) of di ted, and after tion from 
methanol had m. p. 255—-260° (decom; C, #4; H, 60; N, 3-4; loss at 110°-1 mm., 63. 
Cale. Cy 34H,O0: C, 29: H,O, 64%). 
00-Dimethyide-N -micranthsne.—OO (2 


thinemethine dimethiodide 
dissolved in water (50 c.c.) and heated nod ‘aoenn steam-bath with sodium hydroxide solution (5 c.c. , 
Trimethylamine was evolved, and a resin slowly separated. The latter was extracted from the o 
solution Twith chloroform, and the heating and extraction repeated until no more resin separated (30 
minutes). The chloroform with water, dried Ga and evaporated 
under reduced as The resid ethanol, colourless 


moistened with crystallised in needles . 
we ethanol, it Laon m. “210° (Found : C, 75-3; H, 5-8. Calc. for C, 
Ozonolysis of OON-Trimethyimi thi (5 g.) 


.) was 
dissolved in aqueous acetic acid (200 c.c. ; 1%). the solution cooled in ice, and a stream of ozone (6%) 
passed it. The sticky yellowish mass which slowly separated was extracted from time to time 
with ether. Ozonol 


ysis was continued until no further in the liquid and a test 
portion of the solution gave no precipitate with ammonia solution (1 rs). The ether extracts were 
washed with sodium carbonate solution until free from acid, d (N. 


i 5 : On 
loc. cit.) (Found: C, 70-3; H,52. Cale. for C,,H,,0,: C, 703; 47 
solution from the ozonolysis was freed from peroxides 


further purified the same 
. 225—230° (decomp.) a C, 43-2; 6-2; 


iodide (0-6 g.) was dissolved in water (1 c.c.), and the potsssium 
hydroxide solution (5 c.c.; 50%) and heated on the steam-bath. Trimethylamine was evolved and the 
tate which formed was extracted from time to time 


and evaporated under pressure. The resid obtained (0-2 


was removed by centrifugation, recrystalimation yielded micranthine, m. p. and mixed m. | 
uced pressure and ted on the steam-bath with aqueous Cees nydroxide (25 c.c W%) 
yellowish resin, which slowly separated, was extracted from the cooled solution with ether from time to 
time. Heating and extraction were continued until no more resin was formed (about 2 hours). The 
combined ether extracts were dried (Na,5O,) and evaporate the resinous residue (1-5 ¢.), when 
filtered, made strongly alkaline with sodium hydroxide, and thoroughly extracted with chloroform. The 
combined extracts were dried (Na,SO,) and eva ted to dryness under reduced pressure. The residue 
(1-1 g.) was dissolved in (ab and heated 
minutes. The solvent was now removed and the res 
The amorphous amino-aldehyde dimethiodide which sey 
N, 44. Calc. for C,,H,,O,N,1,: C, 43-0; 50; N, 30% 
with 
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chloroform gave « fraction which on yrelded a crystalline mg.). 
Recrystailiaed from chloroform, the on being heated 
melting. Us gave positive and bine with concentrated sulphuric acid containing 
a trace of nitric acul, indicating the presence of a diphenylene diouide (ph ) 


y 
of an O- lakdeh catalytic mols ot by trogen 


H, 46; MeO, 17-6%) 

Methyl (4) Dimethiodsde was dissolved in bowling methanol 
eacwe, and the yellowish resinous residue dissolved in boing ethanol (250 c.c.). The solution was boiled 
under reflux with ethyl iodide (3 c.c.) and ethanolic sodium ethoxide (0-08 g. of sodium in 5 c.c. of ethanol). 
A further four additions of similar quantities of sodium ethoxide were made at intervals of 6 hours to the 
boiling solution, then the solvent was removed im vacwo, and the residue dissolved in boiling water. The 
yellowtsh resin which separated on oes was redissolved in hot water, and the solution boiled with a 
a little copper powder for 10 hitered and allowed to cool. sical silane 

requires ©, 49-7 ; H. &7; ; HO, 73 
eths ‘of N-methy!-O0-dieth yimicranthine 
ome rn) g. in 100 ce ) was heated on the steam-bath with aqueous potassium bydroxide (5 c.c. ; 
“*y The yellowish resin which oo: was removed from time to time and heating was continued 
watil po further resin was formed solution was cooled and thoroughly extracted with ether, and 
the extracts were combined with an ethereal solution of the resin. After the ether solution had been 
washed with water and dried (Na,SO,), the ether was removed and the residue moistened with methanol. 


OF a) after rec: tion from methanol, had 
. 120". A mixed-m. — OON -trimethylmicranthine gave a of about 20° (Found : 

0; requires, C, 74-3; H, 60: N, 42%). 
of N- Methyl - Methy!-OO-dieth yimicranthinemethine 


(0.5 g) was ozonised in dilute acetic acid solution as described above for OON-trimethylmicranthine- 
methine. The resin which separated was yee > with ether and the extract washed first with aqueous 


sodium carbonate and then with water, dried (Na,SO,), and evaporated. The residue, recrystallised 
San Set pet roleum, formed colouriess needles (0-1 g.), m. p. 60°, identical (mixed m. p.) with 5 ; 4’-di- 
formy}-2-et ether obtained by an ure from repandine k and Todd, 
foc. ett.) (Fou 7 


1-6; H, 64. Cale. for C,,H,,O,: C, 71-1; H, 52%). 
N-Methyldihydromenisarine Dimethiodide.- Menisarine (s oi] ) was dissolved in acetic acid (2 c.c.; 
10%) and the yellowish solution heated on the steam-bath oun wdered zinc (20 mg.) with occasional 
stirring, until colourless. The residue left on filtration was w with small quantities of hot water, 
and the combined filtrate and washings were made alkaline with ammonia solution and thoroughly 
extracted with chloroform. The chloroform solution was washed with water, dried (Na,SO,), and 
wated im vacuo. The residue (7 mg.) was dissolved in methanol (1 c.c.) and heated under reflux 
with methy! iodide (0-01 c.c.) for 30 minutes. After removal of the solvent under reduced pressure, the 
reskiue was dissolved in water (2 c.c.) and bailed with a small amount of charcoal. The solution was 
filtered, the residue washed with hot water, and the combined filtrate and washings eva: ted toa 


small bulk under reduced pressure and set aside. N-Methylidibydromenisarine dimethiodide (4-70 mg. ; 
dried at 110°/0-1 mm.), [a)]? + 160° (¢, 01 in water) separated solution; it could not be obtained 
crystalline 

Absorption Spectra of Micranthine, Trilobine, and O thine.——The absorption spectra of the above 


alkaiods was determined in methanol solution te “m/10,000) using a man quartz spectro- 
photometer. The curves are shown in the figure. The values obtat for wave-length and, m parentheses, 
extinction coefficients at the minima and maxima, respectivel micranthine, 2610 (3020), 2860 
(5310); trilobine, 2610 (2240), 2880 (5250); and oxyacanthine Seo0 (3x (2040), 2850 a. (7090). 


We express our gratitude to Mr. C. J. Trist of the Forestry €-~ Yoh 
Webb of the Commonwealth Scientific and Industrial Research Teomnieetion, Australia, for su 
bark used in this investigation, to Prof. H. Kondo for gifts of menisarine and trilobine, and to the tisk 
Council and the Australian National University for scholarships held by one of us (1. R. C. B.). 
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334. Branched-chain Super-esters. 
By G. W. Youncson and H. W. 


the following 
methods using an excess 
h groups. This was confirmed by estimating 


appreciable fraction of CCl, groups into CO,H. This method was therefore abandoned. 

The other scheme of rather less flexibility consisted in using a super-ester with suitable 
terminal groups and condensing such a molecule with a polyhydric alcohol or polybasic acid. 
After some trials the system finally used was that of polyethylene adipate with terminal 
hydroxyl groups, with the polyhydric alcohols, pentaerythritol, dipentaerythritol, and 
trishydroxymethylpropane (2 : 2-bishydroxymethy!butan-1l-ol). The problem in such systems 
is to achieve incorporation of the polyhydric alcohol without the formation of any appreciable 
amount of insoluble three-dimensional polymer. The advantage of this kind of system is that 
at the end of each branch in the molecule there is a hydroxyl group whose concentration can 
be determined by standard methods. 

EXPERIMENTAL. 

Preparation of the Parent Polymer.—-On account of (a) the availability of monomers in a relatively 
pure state and (5) the viscosity of the resultant polymer, polyet adipate (obtained by the inter- 
condensation of adipic acid and ethylene glycol) was selected as the most suitable pol t from which 
synthesis of branched-chain polymers could be initiated. As absolute purity of the final product was 
essential, both reactants were purified before interaction, the adipic acid by recrystallisation (with use 
of charcoal) from ethyl alc , and the ethylene glycol by refluxing over lead monoxide followed by 
distillation of the fraction of b. ge ll No ca was used in the reaction, as the introduction 
of toluene-p-sulphonic acid, the usual catalyst employed, might have led to errors in physical 
measurements subsequently made on the linear and branched polymers. 

The method of polyesterification chosen was that originally devised by Carothers, in which ester 

high molecular — polyesters from a reaction mixture in which 
acid used (Carothers and Dorough, ]. Amer. Chem. 
Essentially, the met consists in 
refluxing a mixture containing a 3:1 molar mixture of eth glycol and adipic acid for 24 hours 
in a stream of ox free preferably nitrogen at at : . The mixture then consists 
of a solution of dig} ester of adipic acid [di-(2-hydroxyethyl) adipate) in ethylene glycol : 
2HO-(CH,),OH + HO,C-(CH,),CO,H ——» OH 


(190) 
Branched-chain su) 

of to prodace terminal 

chemically number of end-groups 

aloes pene in a given sample. These linear polymers were then degraded to a small 

extent allowed to react with pentaerythritol, dipentaerythritol, and trishydroxymethyl- 

in limited amounts. By end-group determinations and osmotic-pressure ne me 
chown that bad bean produced. The viscometric viour of 
solutions of these molecules was determined. 
Parr I. 

Most of the investigations into the synthesis and structure of high polymers have been 
concerned with linear molecules or with three-dimensional networks. Very little work has 
been attempted with branched-chain molecules. Such molecules are of interest for many 
reasons. In the early stages of the production of three-dimensional molecules they must have 
a transitory existence. Similarly, in the later stages of vinyl polymerisations the process of 
transfer to the polymer will give rise to branched molecules provided that termination of 
polymerisation only involves disproportionation between polymer radicals, There is therefore 
the problem of devising synthetic methods in both systems to isolate such structures, if possible 
unmixed with linear or three-dimensional molecules. Interest also attaches to the thermo- 
dynamics and the hydrodynamical behaviour of solutions of branched-chain molecules, for 
there is relatively little guidance from theory as to the behaviour to be expected. Conversely, 
such knowledge may yield some information about the extent of branching in polymers whose 
structure cannot easily be determined, for example, when end-group analysis is impracticable. 

This paper is concerned with the problem of synthesis. The ideal way in which to synthesise 
a branched-chain polymer is to start with a linear polymer to which suitable reactive groups 
are attached. Another series of linear molecules containing only one terminal reactive group 
capable of reacting with the backbone is prepared and the two are brought together under 
suitable conditions. This approach was attempted in the following way but was unsuccessful. 
The backbone was polyvinyl! alcohol of known molecular weight. A monofunctional polymer 
was made by polymerising styrene in presence of carbon tetrachloride so that each polystyrene 
molecule possessed a CCl, end-group. Unfortunately, it proved impossible to convert any 
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Ia the second of the process, the nitrogen stream is passed through drying towers of sulphuric 
eS Se eee formed. pressure of the dry oxygen-free nitrogen is then red to 
1-025 mm. of mercury by means of a Speedivac pump regulated by a gas leak, and under the 
further quantity of ethylene glyco! eliminated as a by-product as the condensation reaction ; 


+ — 1)(CH,OH), 
Polyethylene adipate 


From the method of preparation, it is evident that a large proportion of the polyester molecules so 
formed will possess two terminal hydroxy! groups per molecule. 

Condensation is continued usually for §—12 hours, after which ethylene glycol vapour ceases to be 
removed and condensation is complete under the conditions of experiment. The molecular weights 
obtained by this procedure range from 8000 to 10,000 approximately, and the polymers possess the 
property of“ cold-drawing,”’ which may be adopted as a simple test of the extent of condensation 

AM olecular-weight Determination.—(a) Chemical method (Private communication from Imperial 
Chemica! Industries Limited (Dyestuffs Division)). Molecular weights of polyesters prepared by the 
method outlined above can be determined by measurement of the number of alcoholic and acidic end- 
groups present in a given weight of polyester, and, from the know that such polymers can, from the 
mechanism of condensation, possess two end- “y = only, the molecular weight may be calculated. 

The alcoholic end-groups are determined ty the standard acetylation procedure and are expressed 
aa the “ acetyl value " of the polymer (mg. of potassium hydroxide per £ of polymer). 

The acidic end-groups are det by titrating approximately . of the er in neutral 
alcohol with standard caustic alkali and are expressed as the “ acid value” of ¢ polymer (mg. of 

um hydroxide g. of 

Uf S is the sum of the acetyl! acid values obtained for the polymer, the amount of hydroxy! group 

per g. of polymer is given by 175/66 and, since polyester molecules contain two end groups only, the 
af pelpmar containing the equivalent of two bydreayt groups gives a measure of the molecular 
ht of the polymer 

hernical net of molecular-weight determination are, of necessity, number average values, , 
IM.N,/IN,, where M, is the molecular weight of an s-mer and N, is the total number of s-mers. Any 
variations which introduce structaral changes or an increase in the number of hydroxyl groups will alter 
the apparent molecular weight obtained. 

(b) Osmotic method. The instrument used to e ti es was closely similar to that 
described by Fuoss and Mead (/. Physical Chem., 1043, 47, 59). The cells, instead of being 
from two stainless-steel plates, were cut from 3-bronze forgne® with valves of stainless steel, and the 
screw joints in the side-arms and capillary tubes had lead-foi] washers. To lessen the volume of solution 
and therefore external temperature effects, the capillary tubes of 1-mm. diameter were sealed directly 
to the metal in the glass-to-metal seals. 

Temperature was maintained constant within less than +0-01° by immersion in a thermostat 
controlled by a toluene-mercury regulator and “ Thyratron “ relay. In place of the partly denitrated 
nitrocellulose films used by Fucss and Mead (loc. cst.) as the semi-permeable membrane of the osmometer, 
a disc of bacterial cellulose (Masson, M . Cruickshank, and Meiville, Nature, 1046, 167, 74) was 
weed in measurements by the dynamic method, while non-moisture-proof Cellophane was used for a 
static method to obtain molecular weights lower than those obtainable by the dynamic method 

When using the dynamic method, it was found that in dealing with polyester solutions, membranes 
re-swelled in alcohol-water mixtures containing 0—40% alcohol were of little use even with a membrane 
of 4-mm. wet thickness, for with all such membranes a considerable drift was apparent in the graphs of 
osmotic pressure against time. To obviate this, the thickest membranes (5—6 mm. in the swollen 
state) were used and by re-swelling these in 60 : 40 alcohol—water a membrane with a lower molecular 
weight limit of 26,000 could be obtained, while a membrane re-swelled in 70 : 30 alcohol—water gave a 
corresponding limit of 20,000. Mixtures of higher alcohol content could be used to obtain membranes 
with an even lower limit, but the time intervals required to obtain a good osmotic pressure-time curve 
became excessive and equally good results coukd be obtained statically with little increase in the time of 
experiment 

In the actual experiments, dilute solutions onnnine 0-5—1-0 g. of mer per 100 g. of solution 
were used initially and a pair of matched curves was . from which the osmotic pressure (#) 
appropriate to that concentration (¢) was obtained. The solution was then diluted repeatedly, an 
osmotic pressure corresponding to each dilution being obtained (Masson, unpublished). A graph of 
a/¢ against ¢ was extrapolated to zero concentration to give a value for [#/c), which was then substituted 


in the equation 
[wie], 10,330 x O-O821T/M 


where 10,330 is the conversion factor from |.-atm. per “c. 100 c.c. to cm. of water per “c., T is the absolute 
temperature, and M the molecular weight of the solute. «/c was measured in g. of solute per 100 g. of 
solution, and the above constants apply irrespective of the solvent used. 

For measurements on polymers of molecular weight < 20,000, a “ static “ bra was pared 
from non-moisture-proof Cellophane, according to the method used by Carter and Record (/., 1939, 660). 
The membrane of ~y thickness was prepared in the 
tor hoor to remove glycerol present as 


| 
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(¢) Immersion overnight in bath of 60: 40 by which the 
permeability of of the ti ths ath alters the 
according of the eater ty by displacement 


of the alcohol me fod yy ee im this case chloroform, the bath being changed 


obtaining osmotic pressures and molecular weights entails protracted experimental 
1 cm. of polymer solution. At lower molecular weights, the difference the value of the 
molecslat Weight given by this reading and that given by the 
error. In this way, the time of experiment can 


ape y. 
product is a ge! which is totally, or largely, insoluble in 
solvents. As this is the direct result condensation in 


t. Branching must, of course, be a necessary pre- 
mary to cross-linking, but under normal conditions the 


In order to carry out an in 


by the introduction of 
tant AT tion process, a 


conten of condemnations was easvied out the Gppesetus 
Fousuayt 1, in which successively greater percentages 

ritol, C(CHyOH),, were added to a sample of 
extent under the conditions of experiment. After 


polymer. Condensa Ethylene 
exhaustively for at least eight hours, du which a quantity QS glycol 
of the pentaerythritol vola out of 


fi this A 
A series auumuawuecn way, containing initially 1-0, 1-5, 1-8, 1-0, and 20% of 


It was evident, therefore, that under critical percen of 


in the usual solvents with slightly greater difficulty than was linear ylene adipate, 
probably owing to an increase in viscosity. ” 
Molecular-we: 


t determinations were carried out on all these polymers, except that containing 1 


Polymer. Mol. wt. 

Ethylene adipate + 1.0% of P.E. 14-60 17,000 

P.E. = pentaerythritol. 

The value by the copolymer eee 19 Saperts approximates to a four-fold 
The acety! and acid values of the 1-9% copolymer rt wow adipate disclosed a doubling 
of the number of end groups Pe aes i.¢., four in two. ith smaller quantities of penta- 
erythritol it is evident that polymers will consist linear together with branched-chain molscules. 


Im the manner described above for the dynamic method, a «/c-« curve cam again be drawn to 
Wt 
The Synthesis of Branched-chain Polymers.—It is well foot 
known that, when an organic compound which possesses 
more than two functional groups is co-condensed in appreci- 
able proportions with monomers which by themselves are Air 
¢ dimensions, a8 opposec to two dimensions in © case 
of a linear polycondensed molecule, it was thought that 
under chosen conditions an intermediate stage in the con- T traps and 
densation should occur at which branched molecules were Te yum pom? 
ny reaction takes place so suddenly that little pre Vapour jacket 
been made in determining the structure of intecmeliiote 
vestigation on the alteration Inner container 
and polymer 
ition Of the pentaerythritol the reaction mixture was 
heated by means of a vapour-bath of ethylene glycol for two 
hours, during which the polyester depolymerised slightly 
of pentaerythritol, by means « yoamic OSMOMEtryY Curves copolymer Containing 
of pentaerythritol gave “ drifting in the dynamic osmometer, and the value was therefore 
statically. The results are given in the following table. 
directions, each of the arms being of ~~ equivalent length. In addition, any attempt to 
increase the percentage of added pen results in gelation. It therefore appears that 
In order to this theory, it was necessary to prepare a series of such copolymers of penta- 
5L 
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erythritol with linear polyethylene adipate, of 
various physical properties of such polymers be 

When sufficient polyftunctional compound 
eventually in the production of 0 pe it should 
the condensation process 


average structure ts 


by merisa and 


9% P.E.) 


but, as distinct from the previogs chemical molecular weight determinations in which the molecule 
known to be dihydric, the present series were evaluated on the basis that each molecule was tetrabydric. 
The molecular weight x 1000/5, where S is the sum of the acid and the acetyl 
values. The results are given in T I 

It will be seen that the values for molecular weight given by the two methods show good agreement 
j ation for the theory that, immediately before gelation, all the molecules formed by copolymerisation 
of pentaerythritol possess on the average four end groups 

In order to discover whether other polyfuactional Seperate could be — to undergo similar 
condensation reactions, linear polyethylene adipate was copolymerised first with a a 
dimer of pentaerythritol possessing six hydroxyl groups per molecule, and secondly with rb ok : 1-tris- 
hydroxymethytpropane, ry hydroxy! groups, both these copolymers are capable, under given 
conditions, of giving rise to 

The method of synthesis in the case of dipentscrythritol was identical with thet weed in the 
preparation of pentaerythritol copolymers, except for the precaution of adding a slightly greater 
percentage of dipeateerythritol to offset its volatility at ordinary pressures when raised to the 
temperature of experiment. Under reduced pressure, this volatility is even more marked. 

chemical and osractic molecular weights were again obtained, as shown in the following table, the chemical 


molecular weight being calculated on the basis of six hydroxyl groups per molecule. Again, ment 
between chemical and osmotic molecular weights is very good and appears to justify the determination 
of chemical molecular weights on the basis of six hydroxyl groups per molecule. One point is note- 
worthy : although six hydroxyl groups are present per molecule, there is a definite threshold effect 
above which gelling occurs, and below which gelling does not take place. In the pen taerythritol series, 
it appeared that the introduction of a second nucleus was necessary for gelation, brought about by the 
increase in the number of hydroxy! groups per molecule and consequently in the opportunity for 
iatramolecular condensation. In dipentaerythritol polymers, there are already six hydroxy! groups, 
- these apparently do not react intramolecularty until a second nucleus is introduced. 
polymerisation of ethylene adipate with |: 1: b-truhydroxymethylpropane presented considerable 
a in view of its great volatility under experimental conditions iven ap ordinary , ite 
bam pe was sufficiently high for a nota artion of the compound originally to distil 
out of reaction mixture. To minimise this ¢ , modifications in experimental procedure were 


necessary. 
The reaction was carried out initially for two hours at 100°, and then for two hours in a -bath 
of ethylene glycol (197°), both at atmospheric pressure. This was followed by at the 


= | fp oe weights. Only in this way can the 
t characterised. 
is added im the copolymerisation reaction to result 
be possible, if the above theory is correct, to terminate 
the gel point and to obtain thereby molecules whose 
i in four directions. Again, with the addition of progressively 
pound, the molecular weights of these molecules so formed 
branching will occur earlier in the condensation reaction (see 
ondensation procedure used was as previously described, the 
reaction being interrupted unmmediately before the gel point. This procedure is largely a matter of ex- 
perience in recognising the signs of the onset of gelation during which the melt passes from a finite to 
an infinite viscosity. 
Tasies I, 
Copolymer no, Acetyl value. Acid value. Chemica] mol. wt. Osmotic mol. wt. 
i 22-68 0-89 9,500 10,000 
2 21-30 0-92 10,000 19,500 
3 15-60 0-78 14,000 15,000 
4 1845 0-86 11,500 20,000 
5 13-70 0-96 15,500 17,000 
6 0-48 23,000 23,000 
last series of experiments which, in effect, gives seven similar 
polymers in 
} Osmotic and chemical molecular-weight determinations were again used as a basis of comparison, 
1 11-35 
4 11-08 0-25 24,000 10-93 23,000 
22-90 O-31 15,000 16.05 15,500 
0-49 13,500 18-10 13,700 
27-10 O42 12,200 17-65 14,000 
31-48 0-42 10,500 22-05 10,800 
3619 0-42 9,200 26 80 9,300 
0-61 8,300 31-40 8,000 


7 the number of hydroxy! groups was 
calculated for each polymer molecule, -~ han It will 


3 16-60 0-30 16-90 14,700 au 
‘ 21-80 0-33 23-49 10,500 +17 
4 42.30 0-35 33-62 7,400 563 
molecule varies considerabl On Dn Soca, close to four. Divergences in the cases of polymers 
nos. 1 and 5 may be asc to the tal difficulties. For No. |, it is highly probable that 
insufficient of the trifunctional to cause gelation, 
viscosities encountered it was = to whether the melt would 


Branched-chain Polymers —In view of the necessity for a greater understanding of the effects of 
shape and size of polymer molecules on their physical characteristics, particularly viscosity, all three 
series of co, olymers were subjected to viscometry in chloroform solution by means of an Ostwald 
viscometer. In order to effect a strict comparison, the measurement taken wes the limiting viscosity 
of the polymer, which is given by the expressions /¢),—p» and [(log, le—pe, Where is the 
specific viscosity, »/y, the relative viscosity, and ¢ the concentration in g. of polymer per 100 c.c. of 
solution ned Fischer, /. pr. Chem., 1940, 157, 19; 1941, 157, 58; Kraemer, Jnd. Eng. Chem. 
1938, $0, 1200). At zero concentration both expressions give the limiting viscosity, but latter 
expression, the intrinsic viscosity, was chosen for use because it was more nearly direc / proportional to 
concentration at low concentrations and therefore allowed easier extrapolation to zero concentration 
at which the intrinsic viscosity becomes the limiting viscosity. The limiting viscosity (designated 
[L.V.), below) was obtained determining the relation of the viscosity of a solution of the polymer 
at two concentrations to that of the pure solvent at 20°, plotting (log, » Sayer pete neg map 
to zero concentration. The concentrations were of the order of 0-6 25 g. of polymer per } 
solution, the second concentration being obtained by dilution. The results are shown in Table II. 


Polyethylene adipate 304 oar" 0-312 10,000 
+ 10% 0 308 0-206 0-322 17,000 
0-327 0-312 0-342 25.000 
0-448 0-439 0-457 47, 


P.E. = taerythritol. 
1616.) 


added, there is little 
in gradient A plot of the limiting viec and molecular weight gives a curve whose gradient 
neha increases with increasing molecular 
of ethylene adipate with more pen’ 
condensation gave another set of rs (Table viscosity-molecular weight plot 
lay at a higher viscosity level than t recorded t= Table I 
As previous weights was good, except in 
itis 
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latter temperature. Even with this method of experimentation, the greater part of the trishydroxy- 
gelled and another showed no signs of gelling. The 
t were . of two no , 
remaining five polymers were subjected to the tests discussed above. As, im this case, the number of 
molecule was unknown. acid and acety! values were measured, and molecular weights 
1 9-30 0-28 13-13 19,000 3-25 
2 14-35 0-37 16-65 900 3.02 
such smail molecules can pass through the membrane and set up an equilibrium on both sides of it, 
Calculated on the basis of four hydroxyl groups per molecule, the comparison is as follows: Again 
1 2 3 ‘4 
15,200 13,300 10,200 6,300 
Camatio Gt. 14,900 14,700 10,500 7,400 i 
experimental results. 
Part Il. 
Taste Il. 
shape) of these copolymers have altered 
As shown before, the molecular can be determined chemically from the expression, M = 


1618 Youngson and Melville: Branched-chain Super-esters. 


0-333 


No. 
(These polymers are identica] with those in Table I.) 


sum of the acetyl and acid values. By substituting the oamotic molecular weight for M, and the sum of 
acetyl and acid values for 5, s can be calculated for these polymers: it is 7:75 and 6-80 for copolymers 
Nos. 2 and 4, respectively, so that these copolymers in fact possess more hydroxy! groups than do those 
which show average figures. This can be accounted for by the introduction of another pentaerythritol 
nucleus into some of the polymer molecules, which are therefore intermediate between the average 
polymer and the insoluble network. This view is supported by the fact that these anomalous copolymers 
dissolve with considerably greater difficulty than the norma! copolymer 


Fie. 2 


Lemiting wiscosily 


¥ 


Polyethylene adi pate 


4 + pentaerythritol. 
Cc + pentaerythritol, 
(D) + 
i (B) + 1: 


By omitting those two polymers and plotting limiting viscosity-molecular weight curves, it was 
shown that, as a whole, the curve lies above the curve plotted from Table II, tending to meet it only at 
the extreme ends (Fig. 2). It would appear that Table II gives values for copolymers in which cruciform 
molecules were in the process of being formed, or in fact, had been actually formed, but were diluted by 
the presence of linear a adipate present in the copolymer. It is highly probable that, since 
« naation had been c out to the limit, a mixture of such molecules is, in fact, present. 

On carrying out the same type of work on the excess dipentaerythritol copolymers, it was found that 
the limiting viscosities lay at a moch higher level for corresponding molecular weights : 


Copolymer. [T.V. {1.V-Je-s {1.V.Je- Mol. wt., osmotic. 
Ethylene adipate + excess of D No. 0545 0-539 0-651 27,500 
No.2 0-563 0-558 0-568 23,000 
No.3 ©6517 0-511 0-523 15,500 
No.4 0-489 0-498 13,700 
No.5 ©6461 0-455 0-467 14,000 
. No.6 06442 0-432 0-452 10,800 
No.7 0-356 0-350 362 9,300 
< No.8 0-338 0-328 0-348 8,000 
DP 


(These polymere exo «ath thoes ca p. 1616.) 


Copolymer no (LV... Mol. wt., osmotic. i 
Ethylene adipate + excess of No. 1 0-345 0-356 10,000 
No.2 539 0545 19,500 
No.3 oom 36s 0-379 15,500 
No.4 0661 0-657 0-665 20,000 
No, 5 0-378 0-399 17,000 
° D 
j 
4 ? 
o 
‘ A 
7; 
: 
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ect apparent at weight 


the 


increased corresponding molec with the ty Table Il can be 


Similar treatment of the 1 1: l-trishydroxymethylpropane series of copolymers gave the following 


Copolymer. 


0-469 


ight and limi viscosity in this series of polymers is even 
—~; > parallel to the curve obtained from the 
tly less steep in the low-molecular-weight region. 


Discussion, 


modified Staudinger equation (Huggins, Ind. Eng. Chem., 1943, 


where [1.V.}, is the limiting viscosity, K is a constant, and M the molecular weight, and where 
the values of a lie between zero for spheroid particles and approximately unity for linear 
polymers. This equation may be evaluated simultaneously to give a value for « in terms of 
two values of [I1.V.), and the corresponding values of M for any one polymer. In the case of 
linear polyethylene adipate over the range M = 5800-9500, « is 0°85, while for the 
pentaerythritol copolymer over the range M = 11,000—48,000 it is 0-17, for the dipentaerythritol 
copolymer over the range M = 10,000—30,000 it is 0°28, and for the trishydroxymethylpropane 
copolymer for M = 10,000—30,000 it is 0°16. In all the copolymers (i.¢., excepting ethylene 
adipate alone), there was a tendency for the value of « to become very low at molecular weights 
higher than those cited. 

These values are not strictly comparable but show that definite structural changes have 
taken place within the polymer meolcule which have had the effect of reducing a to a considerably 
lower figure than that of the linear polymer. The limiting value of « is that postulated by 
Einstein for spherical particles (Ann, Physih, 1906, 19, 289; 1911, 34, 501), wiz 


which can be written in a form comparable with equation (1), viz 


[LV], = . . 


From this it can be seen that the more spherical a molecule becomes, the more the value of « 
tends to zero, and the more should the limiting value of the viscosity tend towards 2-5. From 
the above figures, the various copolymers appear to show a definite tendency towards the 
formation of spheroid molecules, although it is hardly to be expected that equation (3) would 
be obeyed, as such copolymer molecules are in fact open structures in which the arms assume 
a more or less extended shape depending on the solvent power of the medium used. 

Again, with regard to the shape of the various copolymer molecules, it can be seen that a 
molecule possessing six arms emanating from one nucleus will have a greater tendency towards a 
spherical shape than one possessing only four. Thus it is to be expected that the 
dipentaerythritol copolymers will have a higher viscosity level than pentaerythritol copolymers. 
Again it is reasonable to expect that a molecule such as the trishydroxymethylpropane 
copolymers, where two nuclei are present, should exert less steric effects, and therefore less 
restriction on the mobility of the arms; it will consequently approximate more closely to a 
spherical particle in solution, and should therefore lie at a higher viscosity level than either of 


{1950} 
The curv 
fig 
0-556 0-586 19,000 
0-525 0-555 14,900 ; 
No. 3 0-520 0-611 0-620 14,700 
No.4 0506 0-496 0-512 10,500 
7,400 
The of molecular 
than coll of the qe = 
im Tables and but is 
Any degree of branching 
branching coefficient a if 
35, 980) 
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the other copolymers. These relative viscosity levels, however, depend to a considerable extent 
on solubility, as can be seen from the following table for polymers dissolved in o-chlorophenol : 


of solution) of one polymer (E.A. + T.M.P., No. 3) were treated with methyl! alcohol, in which 
the polymer is insoluble, till turbidity appeared in the solution. For 10 c.c. of the o-chloro- 
phenol solution 31-2 c.c. of methyl alcohol were required, and for the chloroform solution only 


Fr. 3. 
06s 


Concentration (g. per 00cc of solution). 
PE. = pentaerythritel, = dipentaerythritoel, = trishydromymethyipropane 


150 cc, The solubility in o-chlorophenol is therefore much greater than in chloroform. The 
increase in solubility is accompanied by an increase in viscosity (Alfrey, Bartovics, and Mark, 
|. Amer, Chem. Soc., 1942, 64, 1557). This is accounted for by the fact, that, since the viscosity 
has increased, the field in which the flexible arms of the molecule can move has also increased 
because of the greater penetrative power of the solvent towards the nucleus of the molecule. 
The arms therefore become more extended in a good solvent, resulting in an increase in viscosity. 

To discover whether any such solubility effect could account for the varying viscosity levels 
of the copolymers, representative solutions (0-5 g./100 c.c. of solvent) of polymers (mol. wt. < 
about 10,000) were titrated with methy! alcohol to the turbidity point, with the following 
results 


It will be seen that, in o-chlorophenol, the limiting viscosities are considerably higher. To find out 
the relative solubilities of these polymers in o-chlorophenoland chloroform, solutions (0-5g./100 c.c. 
| 
ow 
oss 
pts? 
ethylene 
— 
Polymer Mol. wt. MeOH, c.c. 
R.A. + P.E., No.1 . 10,000 16-3 
EA. + No.7 9 300 166 
EA. +TMP.No.4 . 10,500 174 
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It will be seen that polyethylene adipate is the most soluble and that the copolymers show 
little difference. It is therefore unlikely that solubility effects can account for the vanation 
in viscosity levels, which must therefore be entirely due to differences in structure. 

Further interesting information is afforded by an investigation into the viscosities obtained 
for the various copolymers from the paint of view of the Huggins equation, modified to allow 
of its use in polymer solutions by the introduction of the Huggins constant; this constant 
depends on the size, shape, and inter-attractive properties of solute and solvent molecules. The 
equation in its more general form is 

ap = + Kg) 


where is the specific viscosity, (4) is the limiting viscosity, and A the Huggins constant, and 
holds at concentrations (Huggins, J]. Physical Chem., 1938, 42,911; 1939, 48,439; /. Asner. 
Chem. Soc., 1942, 64, 2716). 

With rod-like molecules, ¢.g., linear polyesters, interference between molecules would be 
expected to be low, 80 yg /¢ would also be low, while the introduction of branching would incline 
the molecule to a more spherical shape, with a resultant increase in mutual interference between 
molecules. It is therefore reasonable to expect that the slope of the curve obtained on plotting 
Yep/¢ against ¢ would increase with the introduction of a more spherica] molecule built up by 
means of branches. Little work has been done to support this theory, but figures obtained for 
amylopectin and amylose appear to agree with these postulates (private communication from 
Imperial Chemical Industries Limited, Dyestuffs Division). 

To test this theory, various copolymers from each series were evaluated for yo /c from the 
data used for evaluation of limiting viscosities. The figures were obtained as follows (the 
slope of the line to the concentration axis is given by tan 6) (Fig. 3) : 


0-470 0-492 0-448 0-22 47,600 
E.A. + D.P.E. 0-602 0-647 0-657 0-46 42,000 
No 0-547 0-684 0-610 0-37 20,000 
0-547 0-477 O35 13,700 
B.A. + T.MLP., No. 


From a consideration of these figures, information on the shape of the molecule may be 
obtained. Since KX, the Huggins constant, and hence tan 0 are shape factors, variations will 
reflect an alteration m the structural shape of the molecule, and, if the possibilities mentioned 
before are taken into consideration, linear molecules ought to show a low value of tan 6, and any 
tendency towards formation of spherica] molecules should be shown by an increase in the value 
of tan 6. As shown above, linear polyethylene adipate has a value of 0°08, pentaerythritol 
copolymers have an average of 0°20, and trishydroxymethylpropane copolymers 0°25, whereas . 
dipentaerythritol copolymers show a much greater increase, to 0°35. 

As mentioned above, K (and hence tan 6) is essentially a shape factor bound up with the 
inherent shape of the molecule itself and of the effect of solvents on the shape which the molecule 
assumes in solution. Branching changes a molecule which is linear and possesses little or no 
mutual interference in dilute solution into a molecule which is more inclined to a spherical 
shape and, because of its extensible arms, has greater possibilities of mutual interference. 

The increase in the value of tan 6 from 0°08 for linear polyethylene adipate to 020 for the 
pentaerythritol copolymer is thus explained. Since there is little difference in the solubilities 
of polyethylene adipate and its copolymers, solubility can have little bearing on tan 6. 
The slight but definite difference in the value of tan 6 for the trishydroxymethy: 
cannot be attributed to the variation in solubility, and must arise from structural 
considerations alone. Both this and the pentaerythritol copolymer contain, on the average, 
four hydroxyl groups per molecule, and it is evident that the molecules must differ considerably 
im structure. Only one pentaerythritol nucleus is required to give four end groups, but for 
trishydroxymethylpropane two such nuclei are necessary, so that the molecule must take up a 
* double-Y " shape, two arms extending from each end of the linear portion of the molecule. 


Polymer. Yeas /¢- tan @, Mol. wt. 
No. & 0 396 O-415 0-377 o-19 15,500 
No.3 ... 0-554 0-581 0-627 0-27 13,300 
0-637 0-562 0-612 0-25 10,200 
oon 0-432 o-416 0-08 20,000 
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The field covered by such a molecule in the “ kinked ” position will be larger for comparable 
molecular weights, although it may not attain a completely spherical shape. Since the field is 
larger, the matual interference must be greater, the result being a smal! but definite increase in 
the value of the Huggins constant and consequently in tan 6. 

From a consideration of the relative limiting viscosities at corresponding molecular weights. 
it can be seen that the trishydroxymethylpropane copolymer has a greater claim to being 
considered spherical since it tends more to the limiting value of 2°5 (as given by the Einstein 
equation), evaluated for rigid spheres in suspension and in such dilution that inter-attractive 
forces are negligible. A molecule with two pairs of extended arms originating at each end of a 
linear polymer chain has an even greater possibility for mutual interference than a polymer in 
which four arms extend from a central nucleus, and in addition possesses less steric effects within 
itself. 

In considering the dipentaerythritol copolymer, one can visualise the reason for the increase 
in tan 6 where six arms are present in place of four. Such a molecule would have a considerably 
greater opportunity for mutual interference, but at the same time must be severely restricted in 
the movements of its arms by steric forces which are bound to be present when six arms emanate 
from one nucleus, For this reason, the value of tan 6 is considerably higher than for the other 
two polymers, but on account of steric factors this polymer is unable to form as spherical a field 
as the trishydroxymethylpropane copolymer, 

From these observations, it will be seen that viscosity data, as applied to the Huggins 
equation incorporating the shape factor K, are helpful in determining the degree of branching in 
polymers of approximately similar structure, although structural differences in “ isomeric " 
molecules will alter the values of K slightly. From the observations above, it would appear 
that there is no correlation between the value of the shape factor K (or tan 6) and the limiting 
viscosity. 


One of us (G. W. Y.) is indebted to the Carnegie Trust and Imperial Chemica! Industries Limited. 
Piastics Division, for making it possible to participate in this work. We are also grateful a ip 
Chemical Industries Limited, Dyestuffs Division, for the provision of some of the compounds . 
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335. The Reaction of Fluorine with the Oxides and Oxy-compounds 
of Manganese and Rhenium. 
By E. E. Avnstey, R. D. Peacock, and P. L. Rostwson. 


Potassium manganate and the oxides of manganese on reaction with fluorine 
manganese trifluoride contaminated with a littl manganese difluoride. No oxyfluori of 
manganese is produced in these reactions. Khenium dioxide and potassium per-rhenate give 
two new oxyfluorides, rhenium oxypentafluoride, ReOF,, and rhenium dioxytrifluoride, 
ReO,F,. That the highest fluoride of rhenium is ReF, has been confirmed. No evidence 
has been obtained of the previously reported oxyfluorides ReOF, ReO,F,, ReO,F, and ReOF,. 


MANGANESE difluoride prepared by Berzelius (Pogg. Ann., 1824, 1, 24, 197), and manganese 
trifluoride, prepared by Moissan (Compt. rend., 1900, 130, 622), are well known. Wohler claimed 
to have isolated MnO,F but his product is now believed to have been a mixture of potassium 
permanganate and fluoromanganite contaminated with silicon fluoride and we are left without 
reliable evidence for or against the existence of an oxyfluoride of manganese. 

Raff and Kwasnik (Z. anorg. Chem., 1932, 209, 113; 1934, 219, 65) reported the preparation 
of rhenium hexafluoride and tetrafluoride, and claimed to have prepared rhenium oxytetra- 
fluoride, ReOF,, and rhenium dioxydifluoride, ReO,F,, by (a) the interaction at laboratory 
temperature of rhenium hexafluoride and silica, and (4) the action of a mixture of oxygen and 
fluorine on rhenium at 125-—300°. Moreover, in the products from the interaction between 
rhenium hexafluoride, potassium fluoride, hydrogen fluoride, and fluorine in a silica vessel, they 
claimed to have found indications of rhenium oxydifluoride, ReOF,, and rhenium trioxyfluoride, 
ReO,F, although these were not isolated. 

We describe the reactions between elementary fluorine, diluted with nitrogen, and manganous 
oxide, trimanganic tetroxide, manganese dioxide, potassium permanganate, rhenium dioxide, and 
potassium per-rhenate. In addition, we have repeated the work previously reported on the 
fluorides and oxyfluorides of rhenium. 


| 
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Manganous oxide and trimanganic tetroxide begin to react with fluorine just below 100° and 
continue to do so with incandescence. The product from both oxides is mainly manganese 
trifluoride carrying a trace of manganese difluoride. Manganese dioxide begins to react at 
150° and gives the same product. Although looked for, no oxyfluoride of manganese was found 
in the residue from these experiments: the only volatile products were silicon fluoride from the 
giass and traces of hydrogen fluoride. 

Potassium permanganate begins to react at about 150° and continues with sparks and 
incandescence. No trace was found of any oxyfluoride of septavalent manganese, and the 


The reaction with rhenium dioxide starts at 100° and continues with incandescence (cf. MaO,) 
From this reaction two hitherto unknown oxyfluorides of rhenium, viz., the 
ReOF,, and the diorytrifiuoride, ReO,F,, in which rhenium exhibits its maximum valency, have 
been 


Potassium per-rhenate begins to react with fluorine at about 100°, melts with the heat of the 
reaction, and becomes yellow. The products are the same two new compounds, together with a 
residue of potassium fluoride. 

In all these reactions no oxygen compound with fluorine could be detected, which suggests 
that in some of these reactions, ¢.g., that involving MnO, oxygen is first liberated during the 
fluorination. 

No evidence has been obtained of rhenium heptafiuoride in the fluorination of metal, oxide, 
per-rhenate, or the hexafluoride, and the finding of Ruff and Kwasnik (loc. cit.) that the highest 
fluoride of rhenium is ReF, is confirmed. At temperatures above 300° rhenium hexafluoride 
undergoes ionation in contact with silica to yield traces of rhenium tetrafluoride. 
Contrary to their findings, however, pure rhenium hexafluoride does not react with silica at 
ordinary temperatures, nor does the reaction between rhenium, fluorine, and oxygen yield the 
oxyfluorides ReOF, and ReO,F,. The latter reaction has been carried out in vessels of Pyrex 
glass, nickel, and fluorite, and in each case the main reaction products were the oxypentafluoride 
and dioxytrifiuoride. Furthermore, there were no indications of the trioxyfluoride, ReO,F, or 
the oxydifluoride, ReOF,, following the interaction of fluorine with a mixture of rhenium, 
potassium fluoride, and hydrogen fluoride in a silica vessel. 


EXPERIMENTAL. 
(a) Manganese Compounds.—The ds to be fluorinated were dried by hea them in 
a vacuum for severa! hours. The reaction vessel was of Pyrex, and a mixture oa bey 5 

(20 : 80, by vol.) was passed over the manganese 
compound at the rate of about 51. per hour. A 
liquid-air trap was inserted in the apparatus before 
the reaction vessel to remove traces of h 


to 


Mn, 49-1; F, 9%) 
t of fluoride always present 

accounts for the shghtly low fluorine values. 

(b) Rhenium —Anhydrous rhenium 
dioxide was prepared by dissolving the metal in 
dilute hyd: ed -thenic acid. This was then reduced with 
zinc dust hydrochloric acid, giving a precipitate of hydrated dioxide, ReO, 2H,O. After 
collected in a sintered-glass crucible and washed with hydrochloric acid and water, it was dried at 11 


The product was then transferred to a silica tube which was attached to a drying train and Hyvac pump, 
and the oxide was completely dehydrated by the silica tube for 6 hours at 350° © 
evacuation. Any trace of > On 


— heptoxide, » Present was removed by sublimation, a small 


fluorine~nitrogen mixture was streamed through at a rate of 51. per hour. Any trace of hydrogen 
fluoride was removed in A. No reaction occurred at room temperature but at about 100° the dioxide 
took fire and burned with the evolution of copious white fumes. It was found convenient, in view of the 


the reaction temperature. The more volatile prodects collected in E and F. theta D. 
the reaction was finished, the fluorine was displaced by end the apparetus ot 


residue was mainly a mixture of manganese trifluoride and potassium fluoride with a little 
manganese difluoride. No volatile manganese compound was formed, indicating the probable 
fluoride. A series of three such traps was used t 2 
retain volatile products. Manganese trifluoride was i 
principally produced (Found, in product from | i 
ur 
Caso mate to fenstionste the oubstances bat ail the ovidense Go the origins) coperations beng 


Evans, Watson, and Robertson : 


Lhe im E and F were sublimed mto the vapour-density bulb 
cooled to —75". Any silicon tetrafuoride (sublimes at — 
or Fw —180"; G D were sealed off, and their contents 

(a) The fraction in G (Found : Ke, 62-8; F, 31-90%; M, 20 ReOF, requires Re, 62-7; ¥, 32 ; 
M, 3) was At room temperature it a cream -colowred crystalline 
which melts to an almost colourless liquid at 34-6", and boils at 55°/760 mm. Its liquid density is 
3-8 at 40° and its solid density is 4-2 at the m.p. In the absence of moisture it does not attack glass at 
oe | temperatures if it is free from hydrogen fluornde. It gives white fumes when exposed to moist 


dissolves in water with b forming a colourless solution containing per-rhenic acid and 
hydrofluoric acid, ReOP, + SHO ReO, + In the of water sexavaient rhemum 
would have gives black precipitate of hydrated rhenium diazsde 2H,0, viz., 3Ke** + Re**. 
This rules out the possibility of our cx d being a a muxture of rbenjum hexafuorde and ox oxytetra- 


fluoride, ReOF,, and pomts ificamtly to its being the oxypentafluoride, ReOF,. The oxyfluoride is 
readily reduced | cf. ReO,F, below) to Re** by traces of organic matter 
(} The fraction in D ‘Foand: Ke, 670: F, 20-5. ReO,F, requires Re, 67-7; F, 20-7%) was 


rhenium dionytri fluoride At room temperature it is a yellow powder, which begins to sinter at 90° 
and is liquid at 96°. The vapour density at and the com 
can be distilled without decomposition in a luminous Bunsen flame at The distillate was 


vas and each successive fraction had a omeetion corresponding to ‘the formula ReO,F,. The 
to 0 but the compound con obtained crystailine by slow sublimation tm vacuo. 
ReO,F , does not attack glass below about 300°, and it is deliquescent in moist air. It dissolves in water 
to form a colourless solution  conaaiaing per-thenic acid and hydrofluoric acid, showing the presence of 
Re’™ only: ReO,F, + 2H,O «— HReO, + SHF. Unlike ReOF, it is only slowly reduced by traces of 
organic matter to quadrivalent : rhenium. In this ar the two oxyfluorides are produced in the 

tons of about | part of ReOF, to 8 parts of 

ron m per-rhenat was fluorinated in the same type of a and reaction was found to begin 
at 100°, Under the same ex tal conditions as that used for KeO, the same two oxyfuorudes were 
formed in the ratio of about I part of ReOF, to 10 of ReO 

The fluorination of rhenium metal at about 1 4 pale yellow solid exactly resembling 
custard-powder in appearance. It had m. p. 19° b. p. 48° and was identified as ReF, (Found : 
Re, 620; 387%; from vapourddensity determination, 3020. Calc. for ReF,: Re, 62-40; PF, 
36-0%; M, 200-3). Thisisin with the findings of Ruff and Kwasnick (lec. ett.), who were also 
unable to prepare a fluoride of rhenium containing more than six atoms of fluorine 

Attempts to repeat those authors’ work on the oxyfluorides of rhenium were made on the 


fines. (1) Fluorine (76 parts) and oxygen od game together with a little nit to act as a carrier 
. were over rhenium. Vessels a were Pyrex glass, aickel, and orite. (2) Khenium 
Ce ¢ was sealed up in a quartz bulb and left for several weeks at room temperature. (3) A 


flucrine-—nitrogen stream was passed over a heated mixture of rhenium and potassium hydrogen fluoride 
(KF,.2HF) in a silica vessel. In (1) the new compounds described above were obtained, t ay 
product being rhenium oxypentafluoride, ReOF,, and in (2) no reaction took ec. In (3) a blue- 
complex residue was obtained from which no oxy fluoride of rhenium could be isolated. It was found 
that above 300° rhenium hexafluoride reacts with quartz yielding minute quantities of a dark -blue 
solid agreeing with the description given by Kuff and i Kwesnik (Joc. ett.) for rhenium tetrafluoride, but the 
quantities were too small for confirmatory analysis. 


The authors express their indebtedness to the General Chemicals Division of Imperial Chemical 
Industries Limited, Runcorn, for the fluorine cell used, and to King's College for a Post-Graduate 
dentship, which enabled one of them (RK. D. P.) to take part in the work. 
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336. The Kinetics of Halogen Addition. Part XVI. 
a8-Ethylenic Acids. 
By D. A. Evans, T. R. Watson, and P. W. Rosertson. 
Certain new compounds have been investigated, and rates of electrophilic halogen addition 


compared, vez 

CHECCH-CO,H > eyelo-C ~ cyelo-C,H 

CHCMe-CO,R > CH, CH-CO,R. > CHMe:CH 

CHPRCH-C ot addition) > 
addition 

Also Bd. ~ nucleophilic rates of bromine addition in the presence of hydrogen bromide 
have been compared, viz.) CH CH-CO,R > CHyCMeCO,R; 
addition) ~ CHPRC(CO,H), 


CERTAIN aS-unsaturated acids have already been investigated and their kinetics of halogen 
addition discussed in earlier papers in this series , they include acrylic, crotonic, and §6-di- 
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methylacrylic acids, cinnamic acid and its methy! and nitro-derivatives, and the dibasic acids, 
maleic, fumaric, citraconic, mesaconic, gluataconic, and §-methyiglutaconic (/., 1945, 120, 891). 
The carboxyl group, by its combined inductive and tautomeric effects, has a deactivating influence 
on electrophilic reactivity, but, on the other hand, if the electronic flow towards the ethylenic 
link is not considerable, it can cause compounds to react by the nucleophilic mechanism, for 
example when hydrogen tribomide is the reagent. It is inferior to the more strongly electron- 
attracting aldehyde group, which in general confers on compounds a lower electrophilic and a 
higher nucleophilic reactivity (J., 1045, 888). These investigations are now extended to 
include certain other a$-unsaturated acids, which have been examined for special reasons. 
The velocities quoted are second-order rate coefficients, 4, (min.-* g.-mol.~' 1). 

6-Methyl- and §-Fthyl-acrylic Acids.—These compounds were compared with reference to 
the relative effectiveness of the electron-contributing alkyl groups. The following rates were 
found for electrophilic bromine addition in 25%, aqueous acetic acid solution at 25°, the 
reactants being 40: 


result of the superior reactivity of the unsaturated anion (cf. J/., 1937, 341). Sulphuric acid 
represses this ionisation, and the rates for the undissociated acids are thus obtained. The 
relative reactivities due to the two alkyls, Et 15 times Me, may be compared with the values 
for the alkylbenzenes for chlorination, Me 1-2 times Et (j., 1943, 279), and the values for phenyi 
ethers, Et twice Me (cf. Bradfield and jones, Trans. Faraday Soc., 1941, 37, 743). In this last 
mode of reaction, t.¢., in a compound such as anisole, an inductive effect only is possible, and in 
the other two reactions combined inductive and hyperconjugation effects are in operation. 
In the alkylacrylic acids the inductive effect is relatively more important than hyperconjugation, 
and the reverse is true for the alkylbenzenes. This is in accordance with expectation as the 
inductive effect is short-range and should therefore operate more powerfully in an ethylene than 
in a larger benzene molecule. A similar conclusion has been reached from measurements of the 
electronic spectra of ethylenic and aromatic hydrocarbons (for discussion, cf. Walsh, Annual 
Reports, 1947, 32). 

The nucleophilic rates of the two acids were also measured, reactants being «/40 with 
™ /5-hydrogen bromide at 25°: for §-ethylacrylic acid 4, — 0073, and for §-methylacrylic acid 
hk, = 0054, in acetic acid solution. The reactivities remain in the electrophilic order, as 
sometimes happens (ci. J., 1945, 888: 1948, 980), since the two stages of the nucleophilic 
reaction have opposing electronic requirements. 

cycloPentylidene- and cycloHexylidene-acetic Acids.—These two compounds were examined 
as part of a more general investigation of the influence of steric factors on the rate of halogen 
addition. Rates of bromine addition were measured in acetic acid at 25°, and are now given as 


There is therefore no evidence that halogenation of these compounds is sterically hindered. 
A corresponding difference, indicating also a greater electron-repelling power of the cyclic 
group than of §§-dimethyl, is shown by reference to the dissociation constants: cyclohexyl- 
ideneacetic acid, K 0°26 x dimethylacrylic acid, K — 22 x 10°*. 

Acrylic and a-Methylacrylic Esters.—These compounds were examined to discover the 
influence of the a-methyl group on the electrophilic and nucleophilic rates, which were 
measured in acetic, acid solution at 25°. 

CH,CH-CO,Et. CH,CMeCO Me .* 
0-42 0-165 

* Me and Et esters of other ef-unsaturated acids show only slightly differing rates. 

An approximately 60-fold increase in velocity is caused by the a-methy!l group, and the 
order of the nucleophilic is the reverse of that of the electrophilic reactivity, as similarly found 
for related compounds (J., 1945, 129). 


{i 4 : 
second-order coefhicients for m /40-reactants : 
CH /CH,-CH,. 
cHy \CH,-CH,/ —~CHy 
(x = 50) 1-65 1-96 


1626 Evans, Watson, and Robertson : 


Crotome and Tighe Acids.—For these two compounds also the influence of an a-methy! 
group is to cause a considerable (60-fold) increase in the electrophilic rate of chlorine addition in 
acetic acid at 25° : 


(4 

The bromine rates are for m/40-reactants, with m/40-sodium acetate and m/10-lithium 
bromide, and are less spaced than the values for chlorine addition owing to a contribution from 
a nucleophilic rate in the crotonic acid reaction. 

Cimnamic Acid, us a-Methyl and a-Phenyl Derivatives.--The rates of chlorine addition have 
been measured in acetic acid at 25°. 


CHPRICH-CO,H. CHPRICMeCO,H. 
6-0 30 0-36 


The influence of the a-methyl group, in contrast with that for the preceding compounds, is 
to reduce the electrophilic rate. The methy! thus acts as if it lessened the + 7 influence of the 
phenyl. The «phenyl group would be expected to act in a similar manner and, as it also 
exerts a —T effect in this position, the rate for a-phenylcinnamic acid is lower than that of 
«-methyicinnamic acid. 

«- and §-Bromocimnamic Acids.—When attached to an ethylenic carbon atom, a halogen 
may exert a +7, —/ effect as in a compound such as CHBrCH,, or a —/ effect only, when the 
electrophilic attack is on the carbon to which the halogen is attached, as in CHPh:CHBr. The 
deactivating influence of the bromine atom in such compounds is considerable, and there is a 
large rate reduction in comparison with the unsubstituted compound. Similar effects are 
apparent with the two compounds now under consideration, although the deactivation is 
smaller; the following are rates of chlorine addition in acetic acid at 25° : 


CBrPbiCH-CO,H. 
0-21 


CHPh:CBr-CO,H. 
06-0077 


CHPh:CH-CO,H 


p- and o-Chlorocimnamic Acids.—The following rates of chlorine and bromine addition have 
been measured in acetic acid at 25°; in the bromine additions the reactants were m/40, with 
m/40-sodium acetate, and in the catalysed reactions, the lithium bromide was at m/10: 


A, .... 5-0 2-5 0-27 
&, (Br,) ....... 0-080 0.936 06-0041 
4, (Br,) (+ LiBr) 0074 0-045 


The electrophilic rates of chlorine addition may be compared with the rates, under the same 
conditions, of the benzylideneacetophenones, CHPh:CH-COPh (4, = 60) and its p- (A, = 23) 
and o-chloro-derivatives (A, — 1°8) (cf. J., 1948, 980). The +7, —IJ effects of the chlorine 
atom tend to balance each other in the pera-position, but in the ortho-position the deactivating 
influence of the chlorine becomes superior. Similarly o-nitrocinnamic acid was found to add 
chlorine at a slower rate than did its para-isomer (/., 1945, 891). As the second stage of halogen 
addition involves a Walden-like inversion, it was suggested that there might be a steric effect in 
such cases. There is, however, gradually accumulating evidence that such steric hindrance does 
not operate in these reactions. 

The rates of bromine addition in the presence of sodium acetate are in the same ratio as the 
rates of chlorine addition, t.¢., the reactions with bromine also proceed by the electrophilic 
mechanism. Whereas lithium bromide reduces the rate for cinnamic acid (the catalytic effect 
of the Br~ ion being obscured by LiBr, formation), it causes an increase in rate for the chloro- 
cinnamic acids, in which compounds the chloropheny! group exerts a —/ as well as a + T effect. 
According to the classification of modes of catalysis by electrolytes in acetic acid solution 
(J., 1949, 204), cinnamic acid belongs to Class I, and the chlorocinnamic acids to Class II, and 
for all three compounds lithium chloride is found to be superior to lithium bromide as a 
catalyst. 

Cimnamylidene-acetic and -maionic Acids.—The rates of bromine addition to these two 
compounds are compared with the values for cinnamic and benzylidenemalonic acids, reactants 


HMeCH-CO,H HMe:CMe-CO,H 
} 
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being ™/80 in the presence of sodium acetate to eliminate any acid-catalysed nucleophilic 
addition, in acetic acid at 25° : 


(L.) 
<CH=C(CO,H),. CHPh=C(CO,H),. 


The great reactivity of (I) compared with (II), and of (111) as compared with (IV), suggests 
that, in the compounds (I) and (I11), electrophilic attack is initiated, as shown by the arrows, at 
the y- rather than at the a-position, as found for the related compound CHMe°CH-CH{CH-CO,H 
by Ingold ef al. (J., 1934, 79). The claim by Hinmrichson (Anmaien, 1004, 336, 168) that 
af-addition takes place with (III) seems to be based on insufficient evidence. The latter 
compound is less reactive than (I) because of the combined effect of the two carboxyl 
attached to the same carbon atom, and this deactivation becomes still greater in (IV). 

In the presence of hydrogen bromide, nucleophilic reactions will proceed ; but in compounds 
(I) and (Il) their contribution is relatively small, especially in the case of (I), for which the 
electrophilic reaction, although reduced in rate somewhat by hydrogen bromide, is very rapid. 
For (III) (4, (HBr,) = 44) and (IV)[A, (HBr,) = 28), however, owing to the increased electron- 
attracting power of the two carboxyl groups acting in concert, the nucleophilic reactions become 
dominant. Since the phenyl group hinders nucleophilic attack on an adjacent carbon atom, 
and since the tautomeric effect of the carboxyl groups will become weakened by transmission 
through the CH°CH group, the initial nucleophilic attack on (III) is probably on the §- rather 
than on the 3-position. The use of different reagents might, therefore, enable the isolation of 
a$- and y8-addition products with bromine, but actually there are complications owing to 
secondary changes. On bromine addition in the presence of hydrogen bromide, the product 
was the compound CHPh°!CH-CH:CBr-CO,H, formed by loss of carbon dioxide and elimination 
of hydrogen bromide ; in the presence of sodium acetate, the y8-addition product is accompanied 
by the bromoacetate formed by the intervention of solvent molecules in the final (non-rate- 
determining) stage of electrophilic addition. However, Hinrichson (loc. cit.) has shown that 
there is y8-addition to the ester in an aprotic solvent. 


EXPERIMENTAL. 


The following compounds were used in this in tion: e-methylcinnamic acid, m. p. 82°; 
icinmamic acid, m. p. 172°; crotonic acid, m. Bae 2°; tiglic acid, m. p. 64°; methy! crotonate, 
121°/760 mm.; methyl e-methylacrylate, p. 100°/755 mm.; @-ethylacrylic acid, m. p. 8°, b. 
*/17 mm. cyclohexylideneacetic acid, m. 9091"; erclopenty ylidenencetic acid, m. p. 52°; 
e-bromocinnamic acid, m. p. 128° ; o-, m. p. 200°, and p-chloro- 
cinnamic acid, m. p. 243°; cinnamylideneacetic acid, m. p. 165° ; \sanamytidenemnionie acid, m p. 208°. 
As small differences in reactivity were involved for crotonic and ylacrylic acids and the latter 
compound ts liable to be contaminated with the very much more y reactive By-unsaturated isomer, 
a special check was made on the purity of the yiacrylic acid. After pu tion A the method 
given by Sudborough and Thomas (/., 1911, 2314) and several recrystallisations from light petroleum, 
the liquid sample was cooled until about half had crystallised; the solid and the liquid eaeras on 
separation had identical m. p.s. Similarly the wp As of the cyclopentylidene- and une cena. 
acetac acids (which likewise tend to be contaminated with more reactive isomers) was yep 
The purified specimens were crystallised from light cy and after separation of A the 
filtrate was evaporated to dryness; the two samples thus obt d had identical rates. 
All measurements were made in en oe tightly stoppered bottles protected from light. 
Volatility corrections were — to all ; previously The 
details of one of the measuremen 
™/40-Tiglic acid + ™ irr + u/40-NaOAc im acetic acid at 26°; 1-ml. samples were titrated with 
» /80-sodium 


Time (mins.) ......... 32-75 99-5 219-5; 0 i7 663 197 
Titre (ml.) 401 347 2-73 206; +401 373 304 212 

From the separate curves: = 20,1 = 54-5; = 20, = 56, 

acid, u otherwise shown - 


: > /40- 
NaOAc, 20, = 8330; + m/10-LiCl, = 20, 2380; 5500, 
+ /80-Cl, 80, f= 265 + 4/40-Br, : 


1906; + 2 = 14; 
+ M/M0-NeOAc, = 20, 420; + » 20, = 114; 
+ M/10-Lifie, 20, 146. + m/40-Br, in HOAc + 25% of H,O, = 50, 
54; + m/S-H,SO, BO, 64. u/40-CHECCH + /40-Br, in HOAc: + 26% of H,O, 
86; + im 197. + u/40-Br, + HBr, 
126. acid + u/40-Br, 80, = 30-5. 'm/40-cycloPentylidene- 
acetic acid + m/40-Br,, WO, 26-8. /40-e-Bromocinnamic acid + m/40-Cl,, x = 20, = 1300. 
/40-8-Bromocinnamic acid, + «/40-Cl,, 20,1 46. ™/80-0-Chiorocinnamic acid + m/80-Cl, 
20,1 = 73; acid + w/40-Br,: + u/40-NaQOAc, = 20,4 2450; + m/10-LiBr, 
a= 10, f= 716. /80-p-Chiorocinnamic acid + u/80-Cl,, = 20, 73; u/40-p-chiorocinnamic 
+> + M/40-NaOAc, 2 275; + w/10-LiBr, = 20, 223. m/s0- 
lonic acid + «/80-Br, + «/80-NaOAc, = 10, f = 80-Cinnam 
cold Be, + 20,046. “/80-Cin y tic acid + + /80- 
NaOAc, 20, = 0-09. 


We to E. New Jersey, U.S.A., for a gift of cyelo- 
pentylideneacetic and 
Vicroata Univeasity NZ. (Received, March 16th, 1960.) 


337. The Kinetics of Halogen Addition. Part XVII. 
Acetylenic Compounds. 
By FP. W. Roserrson, W. E. Dasenr, R. M. and W. H. Oxrver. 


Rates of electrophilic halogen addition have been ted for stearolic acid, undecenolic 
acid, phenylacetylene, tolan, ethyl propylpropiclate, and -benz0y!-2-0-chloropheay lacetylene, 
and compared with those of the corresponding ethylenic com . The rate-ratio for 
ethylene to acetylene is increased by electron-repelling groups in molecule, and reduced by 
electron-attracti oups, and in the above series varies from 50,000 to 23. A compound 
such as ClCH, COPh, containing a —T,—IJ group, adds bromine by the no 
mechanism, and the reaction is acid-catalysed in acetic acid solution. 


In the course of the present series of investigations, various acetylenic compounds have been 
examined and sufficient material appears now to have accumulated to give a preliminary survey 
of this part of the work. There are certain differences between the acetylenic and ethylenic 
compounds that may help to elucidate the mechanism of halogen addition. The nature of this 
relatively complicated two-phase process is still imperfectly understood, in contrast with certain 
one-phase reactions such as nucleophilic substitution. 

An acetylenic group has a greater electron-attractive power than an ethylenic group. For 
example, whereas phenylethylene has zero dipole moment, the value for phenylacetylene is 
O8p. Reference to the related nitrocompounds (PhNO, 39, p-NO,;C,H,CiCH 36, 
pP- NOyC,HyCH, 44D.) reveals that this moment acts in opposite directions in ethynyl and 
the electron-repelling methyl. This effect determines some of the chemical! characteristics of 
acetylenic compounds, i.¢., their power of salt formation, the mefa-nitration of phenylpropiolic 
acid, and the alkali fission of the compound CHiC-CHO, where the CHiC group behaves like the 
CCl, group One such reaction that has been kinetically investigated is the rearrangement of 
the compounds CHMe-CH-CH(OH)-CiCH and (Braude and Jones, 
J., 1946, 128), the former reacting less rapidly than the latter by a factor of 3000, This reaction 
requires electron-accession at the reacting centre, namely the OH group, and is therefore retarded 
by the electron-attracting ethynyl group. 

As electrophilic halogen addition requires electron-accession at the carbon atom which is 
attacked, it might be expected that acetylenes would be more reactive than the related 
ethylenes. But this is by no means the case. Some other more powerful effect must therefore 
operate to control the velocity of halogen addition to unsaturated compounds, and such a 
factor is related to the polarisability of the double and the triple bond. The position of the 
bands in the far ultra-violet spectra gives a measure of the relative energy required to shift an 
electron from the multiple linkage, and the ionisation potential is greater for acetylene than for 
ethylene (ct. Walsh, Ann. Reports, 1947, 44, 35). The electrons in the #-bond of acetylene are 
held more tightly than those in the «-bond of ethylene, so that in the former case the electrons 
are less readily disengaged from their bonding orbitals to link with an approaching halogen 


1628 Robertson, Dasent, Milburn, and Oliver : 


[1950) The Kinetics of Halogen Addition. Part XVII. 1629 


molecule. It is found further that the reduction of ionisation potential is smaller in passing 
from acetylene to methylacetylene than from ethylene to propylene. That is, the w-electrons 
in an ethylene are rendered more mobile by a + /,+ 7 group than in an acetylene, and reversibly 
it might be expected that a —/,—T, group in an ethylene might immobilise the electrons 
relatively more than in the corresponding acetylenic compound. If this is so, the difference in 
reactivity between ethylenes and acetylenes, for electrophilic halogen addition, should increase 
with electron-contributing groups and decrease with electron-withdrawing groups. The 
relative rates (at 25°) of the compounds named in the Table are in accord with this 


are similar to the previously examined bromine additions with mixed second- and third-order 
kinetics, and does not involve modification by a factor greater than two. The rates of bromine 
addition to the last two pairs of compounds are very slow in acetic acid solution and addition 
would be accompanied by nucleophilic reactions; measurements with these compounds were 
made under conditions which ensure that the comparison is for electrophilic halogen addition. 
The velocities shown in the Table and those subsequently quoted are second-order rate 
coefficients, 4, (min.~* g.-mol.~* 1). 


Be, (OAR 
Br, Undecenoic acid, 1-2 x 10® Undecenolic acid, 0-13 9,000 
Styrene, ~7 x 10° Phenylacetylene, 2.3 3,000 
OAc Methy! «-ethylacryiate, hy! ethylpropiolate, 
ethylene, 1-8 0-079 


The rate given for oleic acid is that measured for methy! oleate, the substituent at the great 
distance from the ethylenic link being unlikely to cause any difference. Elaidic acid (trans) should 
have been ferably selected instead of oleic acid, as the other compounds in the list are irans- 


isomers. is would involve a reduction in rate a factor of between two or three, giving a “ rate 
tatio of ~20,000. The value for undecenoic acid is in good agreement 
ae SS 1-1 x 10°. The rate for ethyl ¢ is as previously measured, and for 


that of methyl crotomate m by fackor of , the ratio of the two 


As shown in the Table, the ratio for related pairs of compound increases with the rates. 
Sufficient examples have not yet been collected to examine the relation between rate-ratio and 
constitution for the more slowly reacting compounds. There is the possibility, however, that 
when two electron-attracting groups are present the acetylene may add halogen more rapidly 
than the ethylene. 

Phenylpropiolic and o-nitrophenylpropiolic acids have also been investigated, but the 
results for these substances are complicated by their ionisation in acetic acid. This is especially 
the case for acetylenedicarboxylic acid, which has an acid-strength comparable with that of 
sulphuric acid. The velocity of bromine addition to the unsaturated anion of this compound 
was determined, and the following comparison made for the sodium salts in water at 25°, in the 
presence of sodium acetate to combine with the liberated hydrogen bromide, using as reagent 
0-01m-bromine, with 0°015m-potassium bromide. It is apparent that the difference in reactivity 
observed between acetylene and ethylene molecules persists in the unsaturated anions. 


Rg acocceverscrecccosescccavespepesnece Fumarate ion, 200 Acetylenedicarboxylate ion, 2 


Acetylenic compounds containing —I,—T groups add bromine by a nucleophilic mechanism, 
which has the general characteristics already observed for the corresponding reactions of 
ethylenic compounds. This may be illustrated by reference to the rates of bromine addition to 
1-benzoyl-2-0-chlorophenylacetylene (m /80-reactants in acetic acid at 25°) : 


/40-NaOAc. + M/40-NaOAc + m/10-LiBr. /20-11,80, 
0-024 


bromide as a catalyst are indicative of the nucleophilic mechanism (cf. ]., 1949, 208), and the 
high rate in the presence of sulphuric acid shows that the acetylenic compound, like ethylenic 
compounds of this type (cf. J., 1948, 982), adds bromine by an acid-catalysed nucleophilic 
reaction. Reference to the rate of chlorine addition (4, = 0°079) shows that the bromine rate 


As the rates for the first four pairs of compounds, owing to widely varying reactivities, were 
measured at different concentrations, they are recalculated for the concentration m/1000 for 
the purposes of comparison. This assessment is made on the assumption that these reactions 
Ethylenic compound Acetylenic compound Rate-ratio. 
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ts lower by a factor of 35, the value being ~300 when both compounds react by the electrophilic 
mechanism. This relatively low rate of chlorine addition explains the difficulty in isolating 
the dichloro-addition product (Bickel, J. Amer. Chem. Soc., 1948, 70, 763), whereas bromine 
addition was found to take place readily, probably owing to the presence in the bromine of a 
trace of hydrogen bromide, which would cause a rapid nucleophilic reaction. 

(Added, May Sth, 1950.) The expectation that an acetylene with two electron-attracti 
corresponding ethylene has been realised. Experiments by W. H. Oliver have shown that ethy! 
acetylenedicarboxylate (I) adds chlorine more rapidly than ethyl fumarate (II) by a factor of 
60, the rates in acetic acid at 25° being for (1) 4, = 00060 and for (II) 4, = 00001. Measure- 
ments with ethyl maleate indicate that there was considerable cis-frans inversion on addition, 
but its rate should be about three times that of its #ans-sterecisomer. That the relative 
reactivity becomes reversed for the ions of the corresponding acids is in accord with expectation. 
as CO,~ repels electrons and should therefore make the ¥-electrons of an ethylene bond more 
mobile than the corresponding ethylene ion. P. W. R. 


EXPERIMENTAL. 

All the reactions were measured in acetic acid at 25°, with the technique previously described. The 
following compounds were used in this investigation: o-chlorobenzylideneacetophenone, m. p. 51-5* ; 
1-benzoy!-2-0-chlorophenylacetylene, m. p. 94", prepared by the method of Bickel (/. Amer. Chem. Soc., 


1046, 6B, 866, 1947, 74); phenylacetylene, Eastman Kodak Co., b. 2! 143° /760 mm.; tolan 
from acetylenedicarboxylic acid ( from fumaric acid), 

76-177" (decomp.) ; acid (prepared from methyl oleate), m. p. 46-5° (Found : equiv., 2 

Cale.: equiv., 280); acid, m. p. 41-6” (Found: equiv., 182. Calc.: equiv., 182); 


undecenoic acid, fraction b. p. 112-—-118*/1 mm., recrystallised Som p. 240°; methy! 
oleate (Found: equiv., 205; I value, 85. Cale. equiv., 206; 
Herewith are details of a typical rate determination 
/80-0-Cl-C, H,CIC-COPh + m/80-Br, + m/40-NaOAc + m/10-LiBr 
in HOAc at 25°, 1-ml, samples titrated with »/80-Na,5S,0,,. 


Time (mins.) ......... 0 520 1510 2500 ; 0 970 1950 3000 
171 140 1-16; 201 1-56 127 1.06 


20 30 40 
0-025 0-024 
Herewith are details for u/80-0-Cl-C ,HyCiC-COPh + ™/80-Br, + “/20-H,SO, : 


Time (mina.) ....... 0 8 25 0 16 30 40 
1-00 1-79 121 2-01 1-55 1.06 O84 


From the combined curve we obtained second-order coefficients showing autocatalysis . 


‘ 16 7 20 24 2-9 


The —_"5 are additional results for this compound, expressed as times (minutes) for 1% 
absorption at 25° in acetic acid: + m/80-Cl, + m/40-NaOAc, = 
252; + + m/40-NaOAc, = 10, = 4200; + m/80-Br, +™/10-Lic), x = 20, = 1780. 
4 + /80-Cl, + 4/80-NaQAc, = 20, = 110, 
Herewith are the third-order rate coefficients for 1 /80-tolan + m/80-Br, in acetic acid at 26°: 


Bry absorption) 10 20 30 50 


0-023 


Details for this compound (m/80-reactants) are: 20, 240; +™/20-LiCl, = 120. For 
phenylacetylene, 20, f— 60; +™/20-LiC], 20, ¢ These measurements with lithium 
chloride show that its catalytic effect is very similar to that for ethylenic compounds that give the 
norma! electrophilic reaction (cf. Table I, /., 1949, 295). 

™/1000-Methy!l oleate +{™/1000-Br,, 50, 0-03. m/1000-Undecenoic acid + /1000-Br 
1091. /80-Stearolic acid” + m/80-Bry, 20, f= 15. /80-Undecenolic acid + 
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From the combined % change—time curve the following second-order coefficients were obtained : 
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338. Purpurogallin. Part III. Synthesis of Purpurogallin and 
Some Analogues. 


By Davip Caunt, Witretp D. Crow, Rosert D. Haworrm, and Cuarces A. Vopoz. 


2’ : 3’-Dimethoxybenzeyelohepten-3-one (1; KR «— H, R” OMe) has been oxidised 
selenium dioxide to the corresponding 3: 4-dicne (111; R « H, R’ « R” «— OMe), and this 
product has been converted into 4-hydroxy-2’ : 3’-dimethoxybenzcycloheptatrien-3-one 

(iI; R= H, R° R” OMe) by dehydrogenation with palladium-charcoal in boiling 
trichlorobenzene. After experiment 2°: 3’: 4'-trimethoxybenzcye 
3-one (I; R = R’ R” ) was converted via the oily 3 : 4-dione (111; R = Ro « RY 
OMe) into 2’ 3’-dimethyl ether (11, R OH, « R” OMe), which was 
methylated to give the 2’: 3’: 4-trimethyl and 2°: 3° 4°: 4-tetramethyl ethers. Demethylation 
of the 2°: 3° : 4-trimethy! ether allin (11; R R° « « OH) and the 2’- 


monomethy! ether (Il; R «— R’ « OH, ie). A preliminary summary of these results 
has already been published (Chem. and Ind., 1949, 149). 


Tue preparation of 2’ ; 3’ : 4’-trimethoxybenzeyclohepten-3-one ([; R « R’ « R” « OMe) was 
described in Part I (J., 1948, 1050) but attempts to employ this compound in a synthesis of 
purpurogallin (Il; R = R’ « R” = OH) were unsuccessful. The cyclic trimethoxy-ketone 
was oxidised with selenium dioxide, and the oily product probably contained the dione (III; 
R = R’ = R” = OMe) because oxidation with hydrogen peroxide yielded y-(2-carboxy-3 : 4: 5- 
trimethoxyphenyl)butyric acid. Attempts to dehydrogenate the crude dione to purpurogallin 
2: 3: 4’-trimethyl ether (Il; R = R’ « R” — OMe) with selenium on palladium-charcoal 
failed at that time. During these early experiments it was shown that bromination of the cyclic 


K K 

H,-CH, 


(11. 


monoketone (I; R = R’ « R” «— OMe) with pyridine hydrobromide perbromide yielded 
i’-bromo-2’ : 3’ 4’-trimethoxybenzeyclohepten-3-one, and condensation with ethy! oxalate in 
the presence of potassium ethoxide gave ethyl 3-keto-2’ : 3’ : 4’-trimethoxybenzeycloheptene- 
4-glyoxylate, but the preparation of the cyclic trimethoxy-ketone (1; R « R’ « R” = OMe) 
was tedious, and it was decided to make a detailed examination of the properties of the more 
accessible dimethoxy-analogue (I; K H, R’ « R” OMe). 

The preparation of 8-(3 : 4-dimethoxyphenyl)valeric acid (Haworth and Atkinson, J., 1938, 
808) has been simplified by an improved preparation of glutaric acid. Cyclisation of the valeric 
acid with phosphoric oxide in benzene, or preferably by the successive actions of phosphorus 
pentachloride and stannic chloride in this solvent, gave good yields of 2’ : 3’-dimethoxybenz- 
cyclohepten-3-one. This highly crystalline ketone gave a semicarbazone, a 2 : 4-dinitropheny!- 
hydrazone, and an oxime, and reduction of the last with sodium amalgam yielded 3-amino-2’ : 3’- 
dimethoxybenzcycloheptene (IV; RK — NH,), m. p. 55°. Attempts to convert this base into 


H=CH 


(VL) (VIL) 


the corresponding 3-dimethylamino-derivative by refluxing it with methy! iodide and sodium 
carbonate in acetone solution resulted in deamination with the formation of 2’ : 3’-dimethoxy 
benzcyclohepta-1 : 3-diene (V) ; in methy! alcohol a trimethoxy-derivative, probably 2’ : 3’ : 3-tri- 
methoxybenzcycloheptene (IV; K = OMe), resulted. 2’ : 3’-Dimethoxybenzcyclohepten-3-one 
(I; R = H, R’ = R” = OMe) reacted with ethyl formate in benzene in the presence of sodium 
methoxide, yielding 2’ : 3’-dimethoxy-4-hydroxymethylenebenzcyclohepten-3-one (VI; X = 
CH-OH), and with amy! nitrite in methanolic hydrogen chloride yielding 4-oximino-2’ : 3’-di- 
methoxybenzeyclohepten-3-one (VI; XM = N-OH). Attempts to hydrolyse the oximino- 
derivative to the corresponding 3 : 4-dione (III; R = H, R’ « R” « OMe) gave unsatisfactory 
5™u 
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results (see p.1634), and reduction with zinc and acetic acid (Hoffmann and Lott, J. Biol. Chem., 
1948, 172, 327) gave 2’ : 3’-dimethoxybenzeyclohepten-3-one (I; R = H, R’ = R” = OMe). 
The oximino-ketone (VI; X « N-OH) was readily reduced by hydrogen in presence of 
um charcoal in methy! alcohol containing h i of 
4-amino-2’ : -dimethoxybenzcyclohepten-3-one (VII; R NH,). 
nitrous acid to an aily product, the p-nitrobenzoate, m. p. 182—183°, of which gave analytical 
figures in agreement with those required for a p-nitrobenzoate of 4-hydroxy-2’ : 3’-dimethoxy- 
benzcyclohepten-3-one (VII; RK « OH), but farther work along these lines did not appear to be 
very promising. 

It was found that 2 (1; R H, « R” OMe) 
was oxidised by selenium dioxide in boiling ethanol, acetic anhydride, dioxan, or 
butanol. The resulting pale yellow oily 2 : 3’-dimethoxybenzcycloheptene-3 : 4-dione (III; 
R «= H, R’ « R” « OMe) gave a crystalline dinitrophenylhydrazone, but could not be 
dehydrogenated to 4-hydroxy-2’ : 3’-dimethoxybenzeycloheptatrien-3-one (11; RK = H, R’ = 
R” « OMe) with palladium black or palladium-charcoal. At this stage Professor J. W. Cook, 
F.R.S., kindly informed us of the conversion of benzcycloheptene-3 : 4-dione (II1; R « R’ = 
KR” « H) into 4-hydroxybenzcycloheptatrien-3-one (11; R= R’ R” = H) (Cook and 
Somerville, Nature, 1949, 163, 410) by means of palladium-charcoal in boiling trichlorobenzene. 
After some practice with the reagent, the dimethoxy-dione was converted in 9% yield into 
4-hydroxy-2 (Il; R= H, R’ R” «= OMe), m. p. 
147°, which was soluble in alkali, gave a red ferric test, and a crimson coupling product 
with diazotised p-toluidine. 

After this experience, renewed attempts were made to convert 2’ : 3’: 4’-trimethoxybenz- 
eyclohepten-3-one (1; R « R’ = R” = OMe) into purpurogallin (Il; R = R’ = R” = OH). 
The benzcycloheptenone was oxidised by selenium dioxide in boiling butanol to the dione (III; 
K ow R’ RY” « OMe) (2 4-dinitrophenylhydrazone, m. p. 181°). Dehydrogenation was then 
effected with a palladium-charcoal catalyst ‘» boiling trichlorobenzene, and acidification of the 
alkali-soluble products yielded purpurogalln 2 ; 3’-dimethyl ether R OH, R’ = RY” = 
(Me), identical with the dimethyl ether, m. p. 156°, described in Part I (p. 1049). Obviously 
this synthesis of the dimethyl! ether proves that the tropolone-hydroxy! group is not methylated, 
and this together with the ready acid hydrolysis of the 4’-methyl ether group of purpurogallin 
2’: 3: 4 : 4-tetramethyl ether to the 2: 3’ : 4-trimethyl ether (see Part I, p. 1049; Part II, 
J 1949, 3271, footnote) constitute powerful evidence for the structure of the purpurogallin 
2’: ¥-dimethyl ether. This 2’ : 3’-dimethy! ether was converted by diazomethane into purpuro- 
gallin 2° . 3 : 4-trimethy! ether, identical with the product described in Part I, and demethylation 
of this with hydrogen bromide gave purpurogallin (Il; RK = R’ « R” — OH), m. p. 276°, 
together with a small amount of purpurogallin 2’-methyl ether, m. p. 193°, This monomethyl 
ether was first obtained by Willstatter and Heiss (Annalen, 1923, 488, 17), who regarded it as 
purpurogallin 4-methyl ether; the new structure has been proved by unpublished results 
obtained by Mr. A. Critchlow which will be reported shortly. 


EXPSRIMENTAL. 


Glutaric Anhydride.—Difiicuity was experienced in reaching the yields quoted (Org. Synth., 10, 58) 
for ethy! propane-1 However a considerable improvement was effected by 
heating the high boiling residual ethyl pentane-}: 1 3:3.) 5: 5-hexacarboxylate (450 g.) with sodium 
(20-5 g.) in ethyl! alcohol (270 ¢.c.) at 1106-115" for § hours; decom tion with ice and hydrochloric 
acid and extraction with ether gave ethyl propane-) : 1:3: 3-tetracarboxylate (165 g.), b. p. 
216—225°/28 mm., unchanged pentanehexac arboxylate (153 g.), and ethy! methylenemalonate (30 g-)- 
Even with this improvement the total yield (60%) was inferior to that obtained by the following 
modification of Welch's method (/., 1931, 673). Alcoholic potassium hydroxide (5 ¢.c.; 10%) was 
added to ethyl malonate (400 g.) and paraformaldehyde (33-5 g.), and the mixture was heated on the 
water-bath. Purther additions of 10% alcoholic potassium hydroxide were made (0-2 and 0-3 c.c. after 
1 and 5 hours respectively). After a total of 6 hours’ heating, the catalyst was destroyed by neutral- 
isation with hydrochloric acid, and the product distilled as described in Org. Synth., loc, ett.; ethyl 
malonate (110 g.) was recovered, and ethy! propane-1 : 1: 3; 3-tetracarboxylate (275 g.) was obtained, 
together with a emall residue (12 g.) 

The hydrolysis of the propanetetracarboxylate to glutaric acid was carried out as described (Joe. cit.), 
and the conversion into glutaric anhydride was achieved with acety! chloride in the usual way. 

y (3. Acid and 4-Dimethoxyphenyl)valeric Acid.—A cooled solution 
of veratrole (6 g.) and glutaric anhydride (5 g } in nitrobenzene (20 c.c.) was gradually added at 5” toa 
solution of aluminiom chioride (12 g.) in nitrobenzene (40 c.c.). After 3 hours at 0°, the mixture was 
decomposed by shaking it with ice and dilute hydrochloric acid for 2 hours, and the tated keto- 
acid was collected (4-5 g.). The nitrobenzene was separated from the filtrate, mae on water, and 
extracted with sodium carbonate solution, and the acid (1-2 g.) recovered. The combined acids, recrystal- 
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lised from hot water or . gave &-dimethoxyb 

mp. 140—145" (Haworth Aion, give mp the met 

from chioroform—light petroleum (b. ) in colourless needles, m. 

89° (Found 63-0; H, 66. C,,H,,O, requires C, fi. 68%). Ths of the 
permanganate (4 parts) in dilute sodium hydrogea carbonate 


vaiersc acid, P /0-01 m. p. 72°, was Clemmensen 
reduction of the above keto-ecid as as described by Haworth and Atkinson, but the ot toluene 


(1 volume for | of keto-acid) was adv 
dimethox valeric acid ( g.) in boneene (80 c.c.) was refaned wi 


pentachioride (11 g.) was added to a solution of 5-3 : 4-dimethox 
benzene (50 c.c.)at@°. After 30 minutes at 0° and then 30 minutes at room tem 
gently heated on the water-bath for 15 minutes and then cooled to 0°, ond stenais 
chioride (13-9 g.) in benzene (450 ¢.c.) added. After 2 hours at 0°, the dark complex ee 
with ice (200 §) and concentrated hydrochloric acid (30 c.c.), and the organic la 
successively with dilute hydrochloric acid, sodium h solution, and water. eo in was 
removed and the residue distilled at 0-01 mm. a, ie 
161°/0-01 mm. and crystallised from methy! alcohol or ether—light petroleum (b. p. 60--80°) in 
alcobol in coloeriess priase, p. 152° C, 660; 74. 
semicarbacone separated from methyl alcohol in colourless 
C, 608; HL 68. sequin C. 66-4; H, 6-9%), and the 
C, 570; H. 49; N, 140. ON, requires C, 574; H, $0, N, 
2: -4-hydroxymethy lenebenscyclohepten-3-one (V1; X CH-OH).— The foregoing ketone 
(i g.) in benzene (8 c.c.) was added to a suspension of sodium methoxide (from 0-4 g. of sodium) in a 
mixture of benzene (7 c.c.) and ethyl formate (0-68 g.). After 12 hours’ shaking at room temperature, 
the mixture was decomposed with ice, and the product, isolated by means of sodium hydroxide and 
recovered, was taken up in chloroform. Removal of the solvent gave the Aydroxrymethylene-Actone 


which crystallised from benzene—light (b. p, 60-80") in colourless needles (0-58 g.), m. p. 135-— 
136° (Found: C, 67-9; H, 66. Cubase requires C, 67-6; H, 6-5%), which gave a -violet 


test. 
3 -dimethorybensc (IV; R NH,).—3-Oximino-2’ : 3’-dimethoxybenzeyele- 
ene (1-2 g.), m. p. eet a OP in 50% aqueous methyl alcohol (25 c.c.) was reduced at 50° by the gradual 
pr nocd of Ae sodium emelgam (40 g.). The mixture was stirred, glacial acetic acid was added period- 
ically to maintain slight acidity, and, when the amalgam was exhausted, hydrochloric acid was added 
until the mixture was acid to Congo-red. The methy!l alcohol was removed under reduced 
neutral impurities were removed in ether, and after basification the 3-amino-compound was isolated 
with ether; it had b. p. 120°/0-2 mm. and solidified to a mass of colourless isms, which after crystal- 
lisation from ether-—| t petroleum (b. p. » ‘ * (F C, 7-7; H, #3; N, 61. 
requires C, 70-6; H, 86; H, in ether, crystallised from 
methy! alcohol-ether in colourless prisms, m. F : C, 0-7; H, 79; N, 66. NCI 
requires C, 60-6; H, 7-8; N, 54%). The acetyl ; with acetic anh . erystallised 
alcohol in colourless needles, m. p. 166° (Found: C, 68-5; H, C,,H,,O,N requires 
8-0%) 
2’: 3'-Dime : 3-diene (V).—The base (1V; R NH,) (3-8 g.) was warmed in 
mot PSE anh ous sodium carbonate (7 ¢. for 1 hour — 


ness, extraction with ether gave 2°  B-dsene as 
Yellow oil 1.0) 2 150" 0-2 mm. (Found C, 762; H, 7-7; , 20-5. requires C, 


(178 and anhydrous scam carbonate were for hour with (10 
Evaporation and extraction with ether yielded 2°: 3’ ; 3-tri which separated 
from methy]! alcohol in isms “3g. m. p. 62° (Found: C, 71-1; H, 86; OMe, 30-7. C,,HO, 
requires C, 71-2; H, 85; 
4-Oximino-2’ 3’ (VI; X N-OH).—2 3’-Dimethoxybenzeyelo- 
hepten-3-one (2-5 g.) and redistilled amy! nitrite (1-8 ¢.c.) in methy! alcohol (8 ¢-c.) were saturated with 
chloride at —13°. After 7 hours at os ed red product was collected and, digested at 
oe. 
crystallised y! alcohol ; yellow 178° (Found: C, 6 
requires C, 62-6; H, 61; N, & , were which dissolved in sodium hydroxide 
aad gave negative test with cobalt mitra 
4-Amino- -B-one (VII; R = NH,).—The 4-oximino-derivative (V1; 
X = N-OH) (4-5 g.) was reduced in methyl alcohol (45 c.c 
i 5 After 7 hours, when absorption of hydrogen ceased, chi ™ was 
which had the catalyst was removed, the 


methyl alcohol-—ether 
requires C, 67-3; H, 67%). ydroc 
nitrite (0 ia water (7 was warmed at 60". 
which separated was taken up in chloroform and recovered 
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(3:4 

for 10 
Minutes After decomposition with water, the benzene layer was washed with dilute aqueous sodium 
chloride | 255° 
Found wide 
) (748 
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C, 62:1; H,&1. requires C, 62:3; H, 5-0 


pmsms. 


cycloheptenc-3 4-dions H, R’ R” « : 

(I. KR = H, R’ R”’ = OMe) 0c), wan te 02) 
for 3 rs with selenium dioxide (30g). The filtered solution was evaporated under reduced pressure, 
and the residue was taken up in ether and distilled. 2’ : 3’- 
b. p. 158-163" /0-1 mm., was recovered, and the dione (111; KR = H 
as an orange, viscous of] (2-2 b. p. 176-—180°/0-1 mm. (Pound: C, 66-5; H, Cc 

C, 66-7; H, 60%): it yielded al: which crystallised from toluene in 

253° (Pound: C, 564; H, #1; N . requires C, 55-1, H, 4-4. 
was obtained pocr yields foil the derivative (VI; X = 
dioxan (70 c.c.), concentrated hydrochloric acid (7 c.c.), and pyruvic acid (5 g.) were 

‘alautes and gave much ether-insoluble resin. The ethereal extract yielded the dione 
which was characterised by the 2 4-dinitr 253° 

ray — yc Re R” = OMe) —The dione 
Il; was retuned or hours in (8: 

with 10% (1 g.) in nitrogen . After dilation with benzene, 
filtered solution was washed successively with sodiom iar silos tedieaeie solution and water, and 
extracted with sodium hydroxide solution. The pee oh ( ~ H, R’ = R” — OMe), liberated by 
acidification and isolated with ether, crystallised from cyclohe -m.p. 147° 
(Pound ; C, 67-2; H, 53 yO, requires C 67-2; H, 2%), ved in concentrated hydrochloric 
acid toa deep- yellow solution, diazotised 
toluidine. 

butyric Acid and 4: yijealerie Acid.—The former 
acid was prepared as descri in Part I (loc. ctt., p. 1060) but the hydrolysis with 20% sulphuric acid 
was allowed to proceed for 9 hours. Instead of reduc this keto-acid as described in Part I (loc. csé., 

1060) it was preferable on a larger scale to reduce it by ‘s method as follows: The keto-acid 
23 ¢.) im toluene (200 c.c.) was gently refluxed for 15 hours with amalgamated sinc (100 g.) and 
concentrated hydrochloric acid (200c.c.). 4: 6-Trimethox nyl)valeric acid (20-8 g.), m. p. 68°, 
was obtained from the toluene layer ey by vacuam-distillation 

2°: 4'- Trimethorybenscyclohepten R R’ R” OMe).—The 
proved superior to those described in bed Part I bes. p. 1050), 4: 5-T 
acid (12-6 g.) in benzene (100 cc.) was treated with phosphorus pentachloride (neg) at 0° for 
the reaction completed by warming the mixture for 10 minutes on the water-ba 
cooled to 0° and gradually added, with shaking. to an ice-cold solution of stannic chloride (12-25 g.) in 
benzene (2 1) fter 2 hours at 0" the solution was decomposed by the addition of ice (200 g.) and 
concentrated hydrochloric acid (200 c.c.), and the b layer hed successively with dilute hydro- 
chioric acid, dilute sodium hydroxide solution, and water. The cyclic ketone (1; R = R’ = R” « OMe) 
was obtained from the benzene laver, and crystallised from in colourless rhombs 
102°. The 2 : 4-dinsirop drasone crystailised from ethyl acetate in orange 
(Found: C, 55-8; H, 52; 13-0. requires C, 56-0; H, 563; N, 131%) in Part I the 
m was recorded as 17 76—177°. The sem ome crystallised from methyl alcohol in colourless 
needles, m. p. 166-—166° (Found : C, 58-6; H, 69. C,,H,,O,N, requires C, 58-6; H, 6-9%) 

Bromo-2° : 3° 4 {by P. L. Pavusow). —The cyclic ketone (1; 
R = R’ = R” « OMe) (0-25 g.) was gently warmed with pyridine hydrobromide rbromide (Dierass: 
and Scholz, J. Amer. Chem. Soc., 1948, 70, 417),(0-32 g.) in acetic acid (10 c.c.). bromo-compound, 
precipitated by addition of water as a brown oi! which solidified during several weeks, crystallised from 
methy! alcohol in colourless needles, m. p. 79° (Found : C, 50-7; H, 5-2. C,,H,,O,Br requires C, 51-0; 
H, 5.2%), which were unaffected when boiled with um acetate in acetic acid re products 
were not obtained during attempted bromination of the ketone with N-bromosuccinimide in carbon 
tetrachloride or with bromine in chloroform. 

Ethyl 3-Keto-2 3: 4’ -trimethorybense lyorylate [by P. L. Pauson),—2’; 3’: 4’-Tri- 
methoxybenzceyciohepten-3-one (1, R = ~ ont e) (0-5 g.) was added to the solution obtained 
by adding ethyl! oxalate (0-7 g.) in ether 6 ¢.¢.) to a suspension of potassium ethoxide, prepared from 
potassium (0-16 g.) and ethy! alcohol (0-2 g) in ether (ISc¢.c.). After 2 hours at room temperature, the 
mixture was decomposed with ice, the combined aqueous layers were acidified with ice-cold dilute 
hydrochloric acid, and the Pame was collected; it crystallised from ethy! alcohol in pale yellow 
priema, m. p. 120° (Pound 61-6; H,63. C,,H,,O, requires C, 61-7; H, 63%) 

tene-34-dione (II R R” « OMe).—2’: 3’ : 4’-Tri- 
methoxy benzeyclohepten-3-one (I R’ R” « OMe) (5 g.) was refluxed with #-baty!l alcohol (0 
c.c.) and seleniam dioxide (2-3 ¢.) for Shours. After cooling, the mixture was filtered from selenium, the 
filtrate evaporated under reduced pressure, and the residue taken up in . Removal of the ether and 
distillation of the residue yielded unchanged benzsuberone (1 ‘= R” = OMe) (2-7 g.), b. . 
1756-180" mm., and the dione (III, R « OMe) g.). @ pale yellow oil, b. 
200...210° mm. (Found: C, 63-6, H, 63. C,,H,,O, requires C, 63-6: H, 61%), which 
momo-2  4-dinetre crystallising from ethy! acetate in yellow prisms, m. p. 181° ( 

C, 561; 456, 126 requires C, 54-1; H, 4-5: 12-6%) 

above dione (1 g) was dehbydrogenated in boiling trichlorobenzene as described above for the 
dimethoxy-analogue. the sodium hydroxide extract was acidified at 50°, and the product isolated with 
ether, The red solid. crystallised first from cyclohexane and then from methyl alcohol, gave ee 
plates (0-00 g.), m. p. 156°, identical with purpurogallin dimethyi ether described in Part I 


gave a blood-red ferric test and a crimson precipitate with 


7 


(1950) Notes. 1635 


(lee. ctt., p. 1068). 

Purpurogailin Ether —The synthetic ether (0-06 ¢.) 
was ytd, fractions characterised by the sublimation 

subluming at 265-—285°, which rogallin (0-015 g.) as red 
, undepressed 


on admixture with an authentic om ane 
(0-002 g.), m. p. 193°, identical comple prepased and methox yeatecbo 
give m. p. 183°, this hee bene by sublima 


of Scientific and Industrial Research and to the Town 


Tax University, 10. March With, 1950.) 


NOTES. 
The Raman Spectrum of the (AuCl,)~ D. S. Attaw and 


molecules (Mathieu, 

to the first will be polarised, and the last two 
Further, ole poy en in the first imation be identical, separation only occurring 
virtue of cross terms in the tial function thieu (loc. cit.) has examined the Raman spectra 
the ions (Ni(CN),)~~, [Pd(C) and (Pt(CN),) but it is only for the last two that the spectra 

. the structure of these ions. 
xes are the ions |AuCl,~ — 1 a These arise from the elec- 
respectively, the unshared pairs in latter com: berry fared 


green line for excitation, as the solu absorbed light of shorter wave-lengths A saturated aqueous 
solution of “ gold chloride into a small horn-shaped Raman tube of 4-c.c 

t from a single horizontal D.C. mercury arc was used as a source of exciting radiation, and the Hg 
layer of a saturated cupric chloride solution, and 
ep l-cm. layer of a saturated neodyminm trichloride-praseodymium trichloride solution. 


Vs 


second filter served to reduce the intensit Hg-yellow lines. The spectra were observed using an 

sa . tors has described elsewhere 

Mi Sue nthe ra) faba days sth a were required 

to produce a spectrum Previously prepared calibration tables were used for 

determining the frequencies. 

A number of exposures were made, but even with the longest exposure only a single Raman uency, 
at 370 4 en & appeared. A microphotometer trace showed a double peak at this frequency. 
exposures with aqueous potassium te solutions showed that this solution absorbed 
the Hg- 

uency 370 the aurichloride ion can reasonably be identified with the pair of frequencies 
will lie very close to one another. This 


Thanks are tendered to the Department [IERIE 
Trustees for maintenance grants and Fellowships respectively to D. Caunt, to the Commonwealth 
Setentific and Industrial Research Organisation for a a to W. D. Crow, and t = 
by Mathieu's experiments with the platinicyanide ion, for which the observed frequencies were 456, 
485 cm.“. The third frequency for aurichioride —) = be expected from Mathieu's results to lie at 
about 90 cm.~', in which position it would be obscured by the breadth of the exciting line. The observed 
spectrum of the aurichloride ion thus confirms the square structure. 


1636 Notes. 
The stretching force constant may be calculated from the observed frequency by means of 


toh 286 em.*. This value is of the same order of maagnitede as those for 
the ions [ ond given by Mathieu, viz - 


(cm). 
439 


10° (dynes cm.*). 

2-93 
ont 33 
2-86 


The their appreciation of the interest shown by Professor C. K. Ingold, 
this work.—Sie Ramsay Ratru Foustex Laporatontzs, University Cotiece, 
Lowpon, W.C.1. (Received, January 31st, 1960.) 


The Determination of Carbohydrate Residues in Pentose Nucleic Acids. By G. R. Barkan. 


Iw connection with work directed towards the examination of pentose nucleic acids from various 
tissues, it was necessary to have available a convenient method for the determination of the pentose 
nucleic acid content of materials obtained both for pu: yore sees of characterisation and as a guide in the 
extraction procedures. Analytical methods based on determination either of heterocyclic bases or 
of phosphorus are inconvement, because they do not distinguish between the pentose and the 
deoxypentose nucleic acids or because of their complexity. Colorimetric analysis for pentoses which 
are first converted into furfuraldehyde (for references see Davidson, Cold Spring Harb. Symp. quant. 
Biol., 1947, 12, 50) suffers from disadvantages. First, it is susceptible to interference from various 
materials not yielding furfuraldehyde and on this account is not applicable directly to crude nucleo- 
Fn a (Schneider, /. Biol. Chem., 1945, 161, 203). Secondly, the techniques so far described are 
to _— error in that only purine-bound pentose and not pyrimidine-bound pentose is normally 
converted into furfuraldehyde in anything approaching quantitative yield. Thus the a ‘ent quantity 
of nucleic acid measured is mt on the ratio of Emme to pyrimidine suc es im the 
ee leotide, It is assumed that this criticism applies » to the more recent method of Dische 
J. Biot. Chem, 1949, 181, 379) since pyrimidine compounds are not discussed by him 
It has now been found that these difficulties are largely overcome by the use of Dunstan and Gillam s 
method (/., 1949, $140). Since the programme of work in which this method is being used will not be 
complete for some time and the adaptation of the procedure for use in the nucleotide field has proved 
highly successful, the applicability of the method to the analysis of materials eg pentose 
nacleotides, together with necessary modifications in tec ue, are now reported 
By use of the method as described, 100% recovery of ribose, computed from the 
measurement of furfuraldehyde, was obta: from ad yeast adenylic acid, and 
guanylic acid. With the pyrimidine nucleosides and nucleotides, although recoveries of ribose were 
higher than with other techniques, variable results were obtained unless the conditions of the steam- 
distillation were more rigidly controlled. Thus, for instance, if the rate of distillation was too 
rapki, the time occupied in collecting a reasonably convenient volume of distillate was insufficient tor 
complete hydrolysis of the pyrimidine compounds which are very resistant to fission by acids: if, on 
the other nd, distillation was too slow, furfuraldehyde was not removed rapidly enough and 
underwent some decomposition, with a consequent low recovery. By distillation at a rate of 
————_ 5 c. per minute, maintained by a manostat controlling the burner of the steam generator, 
collection of 110 ¢.c. of distillate, consistent results were obtained (see Table). Under these 
conditions, which may vary slightly with the dimensions of the apparatus and should be first found by 
experiment, recoveries of ribose from uridine, cytidine, and cytidylic acid were reproducible within the 
limits of accuracy of the method as stated by Dunstan and Gillam and were far nearer to the theoretical! 
values than those obtained by other methods, which give results never above 50% of those expected 
and mostly far less : 


Yield of furturaldehyde, Yield of furfuraldehyde, 
expressed as %, recovery of “ee as % recovery of 
Material. ribose (mean value). Material. ribose (mean value). 
93-9 Cytidylic acid ...... 80-2 
rid east nucleic acid... 88-5 


Moreover, this method is sim: in ation than that of Massart and Hoste (Biochim. 8. Acta 
1947, 1. 83) which is reported (Kerr, * and Wargon, /. Biol. Chem., 1949, 181, 761) to give 
unreliable results under some conditions 

As a result of controlling the rate of flow of steam, it was found that the necessary 
temperature was more easily maintained and the method was made semi-automatic in the f 
ways First, a mercury thermostat was included in the distillation tube, and secondly, the distillation 
was stopped mechanically by placing the receiver on the pan of a rough balance which activated a 
ulting mercury switch controlling the gas supply both to the burner of the steam generator and to that 
beneath the distillation tube 

By this method it is possible to determine with reasonable certainty the number of carbohydrate 
residues in a polynucleotide without sulying tor enlouiotion oo of the satio of 


(2)" 
(Pa(CN) 
e. 


and 
theoretical recovery of ribose is calculated for 
the union of one molecule each of guan . 


is inherent im an 
luraidehyde but it was considered possible that 
spectroscopic determination of furfuraldehyde, that the distillate did not contain other 
compounds exhibiting appreciable absorption at 278-5 mp. To test this, the absorption of the steam- 
distillate from a crude nucleoprotein from beef pancreas was measured between 249 and 208 
son curve fitted exactly that obtained from a distillate from ribose itself and it is conc that 
the distillate from the nucleoprotein contained no interfering substances. Furthermore, the 
of the pancreas maternal, after freed from nucleic acids by the method of Sevag, 
UU. Biot, Chem., 1938, 184, 425), gave a steam-distillate exhibiting no spec 
this region. ey of pentose nucleic acid t in the crude creas nuc 
measured by the method of Schmidt and Thannhauser (/. Biol. Chem., 1045, 83), was, 
lomits of the accuracy of the two procedures, the same as that found by direct analysis for ribose by 
the modified tec ue here described 
spectroscopic method for the determ furfuraideh may ounce =a not = 
acids, but also to nucleoproteins—Tuz University, 13. 
1960.) 


: 
Fe 


Ethylindole-, 5-Methylindole-, and 5-Methoxyindole-3-carboaylate a Correction. By G. F. 
Iw a recent publication (C . vrend., 1946, 288, 1178), Mentzer claims to have obtained the com- 


acetate 
ce 
identi as ethyl e-chloro-f-ar yliminc prop 

When the reaction between aniline and ethy! formyichioroacetate is carried out at room tem ture, 
a compound of lower melting point is obtained. Since this compound has an ultra-violet a ton 
spectrum practically identical with that of Mentzer’s product, m. p. 82°, has the same carbon and 
hydrogen content, and can be converted into it by distillation or by repeated crystallisation, it is 
concluded that the two —— are geometrical isomers involving the carbon—nitrogen double bond. 

Ethy! e«-chloro-g-(p-methox is recovered after being heated 
with pyridine or diethylaniline for 5 hours at 100°. The mother-liquors from crystallisation of the 
recovered material give no colour on being heated with Ebrlich's reagent, indicating a total absence of 
indole compounds. Ring closure to an indole, together with very extensive decomposition, does, 
however, occur when e-chioro-8-(p-methoxyphenylimino)propionate is refluxed in diethylaniline for 30 
minutes, for the amorphous acid fraction from the saponification of the ether-soluble portion of the 
reaction product gives a very strong purple colour with Ehriich’s reagent. No attempt has been made to 
isolate the methoxyindolecarboxylic acid. 

Mentzer’s claim was precariously based on (a) the assumption that, since closure to an indole 
occurs when an arylamine and an wb toph are heated together, it will also occur when the 
reaction is carned out with an arylamine and ethy! formylchloroacetate, and (6) the nitrogen content of 
the product of interaction of p-toluidine and ethyl formyichloroacetate (Found,62%. Calc. for ethy! 
5-methylindole-3-carboxylate, 6-9%,. Note that the value calculated for ethyl e-chloro-A-(p-tolylimino)- 


sonate is 5-856%). 

a-chioro- B-phenyliminopropionate. (4) Equivalent proportions of aniline and 
ethy! formyichioroacetate are at 180° for 5 and the very dark product distilled 
in vacuo. The fraction, b. p. 176—162°/8 mm., crystallises completely, and the ester then ates from 
ethanol as colourless prisms and from light m as colourless blades, m. 4 8051" (Found ; 
C, 7; H, N, 645; Cl, 164. C,,H yO NCI requires C, 565; H, 535; N, 62; Cl, 167%). 
Mentzer (loc. cif.) gives m. p. 82°. (6) A solution of the reactants in ethanol is left for a few minutes at 
room temperature; c lisation then occurs on scratching it. The product separates from light 
petroleum as colourless 68-68 (sinters 67"), from ethanol as colourless slender priema, 
m. p. 69° (Found: C, 586; H,&7. C,H ONC requires C, 58-5; H, 535%). A mixture of high- 
and low-melting compounds melts at 70—681* (sinters 70°). The same mixture, m. p. 76--70-6", is 
obtained when either the h- or the low-melting form is fused and allowed to senalidity. Kepeated 
crystallisation of the low- form results in the gradual rise of the melting point to 80-81". 


Ultra-violet absorption spectra. Inflexion. 
Isomer, m. p. 316-5 (¢, 20,580 203 my. 16,030) 
Isomer, m. p. 69° 315-5 (¢, 20,860 203 my. (c, 16,260) 


Ethyl props. . Equivalent proportions of p-toluidine and ethyl 
form te react ont lisation occurs on scratching the product. 
ester is drained by suction and thrice crystallised 
clinic prisms, m. p. 96-5—-96° (Found: C, 60-3; H, 625; Cl, 161. C,,H,,O,NCI requires C, 60-1; 
H, 5-9; Cl, 148%). Mentzer (loc. cit.) gives m. p. 97°. 


11950) Notes. 1637 
It is seen from the Table that the yield of 
rfuraldehyde from yeast ribonucleic acid is consistent with its formulation as a m 
acid residues are — in numbers. The 
F of comparison for a formed from 
cytidylic, and uridylic acids 
aving established that the method ts applicable to nucleic ackis or their derivatives, it 
: next on protein-contaming materials which are not suitable for analysis directly by most othe 
These fail either because of the formation of coloured compounds between the reagent used an 
other than furfuraldehyde or because of the production of furfuraldebyde from materials 
pou t eating a ft f-a ne wit ro- 


1638 


Ethyl cthosypheny! jpropionate, This pound, prepared as above from 
p-enisidine and ethyl Lormyichloroacetate, separates {rom ethanol as colourless stout tetragonal crystals, 
m. p. 9606-6" (Found C, 56-4; H,5-8; CL 1¢2. 56-35; H, 5-5; C), 13-85%). 
Mentzer (lec. cif.) gives m. p. 97". 


The author expresses his thanks to Dr. H. T. w for his help and advice.—-Unitep Cot ece, 
Univeasrry ov St. Awpaews, Tax Universrry, (Recewed, March 61h, 1950.) 


A Heterocyclic By R. N. 


Tue cx fluorination of hydrocarbons has been achieved using the catalytic, the cobalt trifluorde, 
and the electrochemical method. In the first, fluorine and the hydrocarbon interact on the surface ot 
a gold- (Hasseldine and Smith, /., in the press) or a silver-plated (Cady, Grosse ef a/., Ind. Eng. Chem, 
1047, 38, 200) « t catalyst, the second method utilises the fact that cobalt trifluoride, when heated, 
reacts with a pdoseasben vapour to replace hydrogen fluorine and to saturate double bonds by 
fluorine (Fowler ef al., Ind. Eng. Chem., 1947, 38, ; Haszeldine and Smith, forthcoming 
communication); the third method involves electrolysis of a solution of the hydrocarbon in anhydrous 
hydrogen fluoride (Simons, /. Electrochem. Soc., 1949, 47) 

The flucrination of compounds containing aitrogen has received little attention : the electrolysis of 
pyridine in anhydrous bydrogen fluoride (Simons, Joc. cit.) yiclis nitrogen trifluoride and perfluoro- 
—- and not perfluoropiperidine; Ruff and Giese (Ber., 1936, 68, 604) have claimed that several 

rk —— y C,N,F,, which include two compounds with four-membered heterocyclic ring 
systems, result from the interaction of fluorine and silver cyanide. The complete fluorination of a 
heterocyclic nitrogen-containing compound has not yet been reported 

The fleorination of 2: 6-lutidine has now been investigated. The catalytic and cobalt fluoride 
methods were used successfully after slight modification to prevent, as far as possible, the formation of 
the non-volatile hydrofluoride of the dimethylipyridine. A product believed to Fier 6- 
dimethyl piperidine been isolated as a solid, m. p. 94-—95° (Found: C, 22-1; N, 3-5; M (ebullio- 
scopic), 3 C,F,,N requires C, 21-0; N, 37%; Af, 383), with a characteristic musty odour, which 
can be purified by sublimation at 50-—-60° /760 mm. or by recrystallisation from carbon tetrachloride. 
Perfluoro-2 ; 6-dimethyipiperidine crystallises as large needles and is readily soluble in hot carbon 
tetrachloride but mach soluble at room temperature; in this respect it resembles uoro- 
hexadecane, C,,F,,, which, however, crystallises as plates from carbon tetrachloride (Haszeldine and 
Smith, forthcoming communication). 

It t# believed that the low yield (ca. 5%) of perfluoro-2 : 6-dimethyipiperidine is caused by formation 
and subsequent decomposition by fuormation of the hydrofieerides of lutidine and of compounds 
derived from lutidine by the introduction of one or two atoms of fluorine. Once a certain degree of 


fiuorination has been achieved, however, the basicity of the ppt ee compound 1s so reduced 


that hydrofluoride formation cannot occur. Perfluoro-2 yipiperidine does not give a 
a with thorium nitrate solution 

bulk of the product botls below room t ture and this volatile material is believed to contain 
fluorocarbons, nitrogenous compounds such as CF,-NF, and (CF,),NF, and possibly nitrogen trifluoride, 
of the ring ——Universtry Cuemicat RATORY, CamBnipGE. (Received, 
Man 


The Condensation of Pyrrole-2-aldehyde and Hydantown. By D. G. Harvey. 


5-(2-PYRRYLMETHYLIDENE) YDANTOIN has been as an intermediate in the synthesis of 2-pyrryl- 
f-alanine by Herz and Dittmer (/. Amer. Chem. Soc., 1948, 70, 503) although they were unable to effect 
the necessary condensation of pyrrole-2-aldehyde and hydantoin in ethano! with catalytic quantities of 
piperidine. By use of purified reactants and strict adherence to a given time of heating a crystalline 
compound has now been isolated which gives analytical figures suggesting that it is 5-(2-pyrryimethyisdene) - 
Aydantowm. So far all attempts to produce the reduced hydantoin by standard methods have been 
unsuccessful 

Pyrrol-2-aldehyde, (20 g.; p according to Fischer and Orth, “ Die Chemie des ” 
Vol. 1, 1934, p. 152, and purtfied by two recrystallisations), hydantoin (2-4 g.), redistilled piperidine 
(2 ml.}, and absolute ethanol (20 ml.. distilled over sodium) were boiled under reflux for | hour. After 
removal of most of the solvent in eacwo, and acidification to litmus by dilute acetic acid (10% v/v) 
a yellow crystalline solid ted (2-5¢.,73%). It was recrystallised with some difficulty from aqueous- 
ethanolu pytidine (lst: ia yellowish-brown needies, m. p. (Found: C, 540; 
Find C,H,N,O, requires C, 54-2; H, 395; N, 23-7%. Analysis by Drs. Weiler and Strauss, 

ford) 


The work was performed in the Department of Physiology, Roya! Veterinary College. —DerartmEnt 
yor Restarcu tw Inpusreiat Meorci~ne, M.R.C. Lasorarortes, Hampstzap, Lonpox, N.W.3. 
Recewed, March 10th, 1950.) 


Mechamiom of the Bensidine Rearrangement. By E. D. Huoues and C. K. Incotp. 


Tatts subject has been discussed by Ingold and Kidd (J., 1933, 954), and Hughes and Ingold (/., 1941, 608); 
who assumed conjugative electron displacements from p- to p’-positions in an intermediate state of the 
formation of the univalent cation (1); by Robinson (/., 1941, 220), who postulated similar displacements 
(not reversed, as Dewar has stated) in fully-formed (1); and also by Hammick and Mason (/., 1946, 638), 


(1950) Notes. 


who interrupted the conjugation in order to include an extra angle in 
as Dewar has asserted), thus the pp’-positions nearer ; 
1046, 406, 777; Dise. Faraday Soe., 1947, 8. “ Electronic Theory of Organic Chemistry,” 


1949, p. 235), who who transfers the charge ip (1) to the neighbouring ring, which he thea allows to take ia 
electrons from the other ring, thus establishing a 


a) (11) 


Hammond and Shine (/. Amer. Chem. Soc., 1950, 7B, 220) ovidenss shat 
rearranging entity is the bivalent cation (I1), a which seems to us to a solution of al] the main 
difficulties. The original difficulty, which made Kidd, Hughes, and Ingold refuse to contemplate 
ae formed (1) as the — entity, viz, that of moving electrons from a positive atom to 

a neutral one, to overcome by making the second nitrogen atom 
og Bey wey t charges, which can plausibly be supposed so to weaken the 
-link that it its electrons can functionally conjugate jor h onjugate 
UL) the aromatic w-electrons, thereby completing the internuc 
‘ system. This could enable near- integral charges to be built up tm the ; 
and, even though the minimum separation of these positions would be about 
py a. in strainiess (II), this is not too great a distance for the establishment in (I11) 
of a fairly > electrostatic (or mainly es open bond; which, as the unlike 
checpe cone tout charges separate, would smoothly over into a covalenc the 
of the rearrangement.—Universtty Cottece, Lowpon, (Recewed, March Slat, 
950. 


| 
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Obituary Notice. 
OBITUARY NOTICE. 


T. SLATER PRICE, F.R.S. 


Tuomas Staten Price was born on August 24th, 1875, and died on October 20th, 1949. 
Educated at King Edward's High School, Birmingham, he proceeded to Mason College, 
Birmingham, and graduated with first-class honours in chemistry and physics at the University 
of London in 1895. In that year he was appointed Priestley Research Scholar in chemistry at 
Mason College and in the following year, as an 1851 Exhibition Scholar, he moved to Leipzig to 
study under Professor W. Ostwald. Graduating Ph.D. ‘ summa cum laude" in 1898, he studied 
for a further year in Professor Arrhenius’s laboratory at Stockholm. 

On returning to Britain in 1900, he was appointed honorary lecturer in chemistry at Mason 
University College, and in the following year he went to University College, Sheffield, as assistant 
lecturer. After two years as senior lecturer in chemistry at the University of Birmingham, he 
was appointed Head of the Chemical Department of the Birmingham Central Technical College 
in 1903, a post which he held until 1920. Under his direction the work in this Department was 
completely re-organised and extended, and, although his energies were very fully occupied in 
teaching and organisation, he was able to carry out a large number of researches on per-acids, 
organic disulphides, and complex metal ammines, the results of which are embodied in some forty 
papers published during this period. For his work he was awarded the degree of Doctor of 
Seience of the Universities of London and Birmingham. 

In April 1916, Slater Price was commissioned as lieutenant, R.N.V.R., in order to take up 
special chemical work of a secret nature at the Royal Naval Experimental Station, Stratford, 
and later he was put ir: charge of all the chemical and technical work of this Station and promoted 
lieutenant-commander. Among the many problems which were studied under his direction at 
this time was the devising of materials for making smoke screens such as were used in the 
Zeebrugge raid. 

Early in 1920 he was appointed director of research to the British Photographic Research 
Association. Under his able direction and inspiration, a long list of papers was published year 
by year from the laboratories of the Association until it closed down in 1930. He was appointed 
to the chair of chemistry in the Heriot-Watt College, Edinburgh, in 1931, and retired in 1940. 

Slater Price was a member of the Genera] Council of the Royal Institute of Chemistry during 
191114 and 1921—24, and served as Vice-President during 1924—27. Keenly interested in 
the training of young chemists, he was largely responsible for the initiation of the scheme for 
National Certificates in Chemistry. In 1921 he was elected to the Council of the Chemical 
Society and served as its Senior Secretary during 1924-28, as Honorary Treasurer during 
1928-31 and as Vice-President, 

He was a Fellow of the Royal Photographic Society, a member of the Council of the Society, 
1922-31, and Vice-President, 1926-20. He was an Hon. Member of the “ Société Francaise 
de Photographie.” 

He was gazetted an Officer of the Order of the British Empire (Military Division) in 1919 and 
elected a fellow of the Royal Society of London in 1924 and of the Royal Society of Edinburgh in 
1932, 

Since his retirement, Slater Price had been in very poor health, and those who watched him 
during these later years could not but be impressed by the patient fortitude and inner peace with 
which he bore his increasing physical limitations. The death of his beloved wife a little more 
than a year ago was a loss which he felt most keenly, for she had nursed him with loving care in 
his great weakness. 

Professor Slater Price was a man of outstanding gifts of mind and insight. His clear and 
definite faith in the reality of God was the mainspring of his life, enabling him in the days of his 
health to serve his Church loyally and devotedly, and all his days to inspire those who met him in 
scientific circles or in private life Huon B. Nispert. 
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The Chemical Society—A Mid-century Review. 
By Str Ian Hemsron, D.S.O., D.Sc., LL.D., F.R.S. 


In selecting the title for this Presidential Address, although by no means creating a 
precedent, 1 am departing from a custom which has prevailed in recent years. In doing so | 
make no apology, for I feel that it is useful for the President from time to time to survey the 
affairs of the Society and of Chemistry in the course of his Address. 

In the early years of the Society's history such Addresses were regularly delivered, and the 
tradition was last upheld by Sir Gilbert Morgan in 1934. Since then much has transpired. 
The country is slowly recovering from six years of war, which have left their mark on science 
as on every other phase of our national life. 

So far as chemistry is concerned, its importance as a dominant factor in re-establishing the 
prosperity of the country is generally recognised. In many ways the growing appreciation of 
Chemistry's function in the modern State has added to the difficulties which face the Society. 
These difficulties are familiar enough to our senior Fellows, but those who have been more 
recently elected—and our Fellowship has doubled in ten years—may not be so well acquainted 
with them. 

Although my remarks deal primarily with the domestic affairs of the Society, I shall also 
refer to our external relations both with other British chemical organisations and with the 
International Union of Pure and Applied Chemistry. 


GOVERNMENT AND ORGANISATION OF THE SOCIETY. 


The Society is governed by its Council, the Ordinary Members of which are elected by 
Fellows resident in the British Isles for a three-years period of office on a territorial 
representation basis. The general administration is supervised by the Officers (President, 
Treasurer, and Honorary Secretaries), who generally meet weekly throughout the working 
session and act as a Board of Directors responsible to Council through the Finance and General 
Purposes Committee, the Publication Committee, and the Research Fund Committee (Fig. 1). 
In all these activities the central part played by our General Secretary must not be overlooked, 
for it is upon his shoulders that much of the day to day responsibility devolves. We are indeed 
furtunate in having this important office filled by a person so capable and enthusiastic as 
Mr. Ruck Keene. The Council is also responsible for the capital expenditure on the Library, 
which is authorised on the recommendation of the Joint Library Committee. This latter is an 
organ of the Chemical Council and represents all the bodies whose members have been granted 
the right to make use of the Library. 

In 1932 a long overdue extension of the Society's activities was brought about by the 
appointment of Local Representatives at seventeen centres throughout the country. At the 
present time there are 30 such Representatives covering the British Commonwealth, including 

ives from Ceylon, India, and Pakistan whom we have recently added. 

Many Fellows will not realise how much they are indebted to those who have served the 
Society as Honorary Officers, as members of Council or of its Committees, or as Local 
Representatives, and in other ways. The growth of the Society and the high reputation of its 
publications are due in no small measure to the fact that throughout its history the Society has 
never lacked Fellows willing to place their time and experience freely at its disposal. 


Heilbron: The Chemical Society 
Fis. 1. 
THE CHEMICAL SOCIETY 


Feit 


The membership of our Society-—-77 in 1841-—had increased to 2202 by 1900. Its further 
expansion since that date provides an index of the growth of chemistry asa science. This is 
shown diagrammatically in Fig. 2, which also reveals, in its minor fluctuations, the political and 
economic vicissitudes of the past half-century. By 1910 the Fellowship had grown to over 
3000, but with the First World War, when this country was forced to develop an organic chemical 
industry as a matter of urgent necessity, the rate of increase became more rapid, only to be 
slowed and then reversed by the years of depression between the wars. In the later “ thirties 
our numbers again showed modest increases and received only slight set-backs at the out- 
break of war in 1939. From 1941 onwards, however, the membership curve has risen very 
steeply, passing the 8000 mark in 1949. 

This is due, in part, to the joint subscription scheme, to which I will refer in detail later. 
Much of the increase of recent years, however, can be ascribed to the accelerated expansion of 
chemical activity attributable first to the needs of war and now to those of increased 
productivity. 

Can we expect this increase to continue? On the one hand, we must remember the experiences 
of the 1920's, when the end of the post-war boom led to a decline in numbers. On the other 
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hand, the supply of trained chemists, who are in greater demand than ever before, has 
reached its peak and, as is shown in a report recently issued by the Ministry of Labour 


Fic. 2. 


THE CHEMICAL SOCIETY 
FELLOWSHIP CHANGES 
1900 - 1949 


National Service, the output of graduates with chemical training over the next five years will, 
in spite of the expansion in training facilities that has taken place, fall short of the demand by 
nearly 2000 chemists. The same report estimates that nearly 10,000 trained chemists will be 
required over the next five years to meet an expansion in the Chemical Industry, in the Scientific 
Civil Service, and in teaching appointments. We have, therefore, solid grounds for believing 
that the chemical community as a whole is in a reasonably strong position to meet any difficulties 
of readjustment that may arise during the next few years. Beyond that it would be rash to 
attempt to prophesy. 


Tue Society's Pusiications. 


Turning now to the various activities of the Society, I would like to discuss first our 
publications, for these represent its most important function. In addressing the American 
Chemical Society on the occasion of the conferment upon him of the Priestley Medal, 
Dr. A. B. Lamb, Editor of its Journal from 1918 to 1949, stated : “ New discoveries that remain 
undisclosed might almost as well not have been made. The prompt and widespread 
communication of new findings is essential, particularly to fellow scientists who can appreciate 
and use them. Publication is the life-blood of science." Judged by this standard, we have, 
I submit, every reason to be satisfied. The Journal for 1949 contained 870 papers and was the 
largest the Society has ever produced. The steady increase in the circulation of the Journal, 
coupled with the very favourable reception given to Quarterly Reviews, first introduced in 1947, 
indicate that the quality of our publications has been maintained at a high level. 

A rapidity of publication almost approaching the pre-war rate has now been reached, no 
mean achievement when one bears in mind that only two years ago a paper submitted 
for publication would not appear in print for some twelve or thirteen months. It is 

unnecessary to elaborate how such a delay in publication must seriously hamper further 
To-day, thanks to the vigorous policy 
of the Publication Committee and the unremitting energy of the Editorial Staff and 
Messrs. Richard Clay and Company, our Printers, the Society is publishing papers received, 
in most cases, only four months previously—a rate of publication which, as indicated in Fig. 3, 
compared, already in January, very favourably with that of other chemical journals. 
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The impact of chemistry on the economic life of the country is reflected in the increase in 
volume of the scientific communications published by the Society, which has nsen by over 500% 
during the past half-century (Pig. 4). It will be observed that, with only minor fluctuations, 
a steady rise took place up to the period of the First World War, when, as again in 1930-—1945, 
the curve of publication dipped steeply. Of particular interest are the statistics since 1943, 
when the publication curve had reached its wartime lowest point (Fig. 5). This diagram shows 
also the papers received and the manner in which the rate of publication in 1949 outstripped the 
rate at which communications were received. 


Fic. 3. 


MONTHS BETWEEN RECEIPT OF MANUSCRIPT AND DISTRIBUTION OF JOURNAL (aVERAGES— 
1950) 


Bull. Soc. chim 

Nature (Letters) 

JOS. ; J. Amer, Chem, Sas. ; J. Biol. Cham. ; J. Org. Chem. 
Proc. Roy. Soe., A. 


Trans. Faraday Soc. 


Biochem J. 
J. Chem, Physics 


J. Phys. Coll. Chem, 


Although it is obviously difficult to attempt to forecast the size of the Jowrnal in future 
years, the rate at which papers have been submitted during the past twelve months and are still 
being submitted suggests that it will be necessary as a permanent service to publish a much 
larger Jowrnal than before the war. There are various factors which support this view: the 
more enlightened attitude towards publication adopted by industrial firms; the proliferation of 
Government-sponsored research organisations; and the opening of new centres for research in 
the Dominions and throughout the Commonwealth. Again, we must not overlook the expansion 
of post-graduate research in all University Departments of Chemistry. While papers coming 
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from academic sources still provide the major contribution to our Journal, the : 
from industry, from Government sources, and from overseas has more than doubled in the past 
fifteen years (Fig. 6). 

Abstracts.-The Society issued a regular series of Abstracts in its Jowrnal from 1871 until 
1924, when this work was delegated to the newly formed Bureau of Chemical Abstracts—a 
joint body set up in co-operation with the Society of Chemical Industry, whose publication of 
Abstracts dates back to 1882. The Bureau of Chemical Abstracts was later known as “ The 
Bureau of Chemical and Physiological Abstracts" and became, in 1945, “The Bureau of 
Abstracts.” Although the Bureau is a separate body incorporated under the Companies Act 
of 1929, it relies on the Chemical Society and the Society of Chemical Industry for by far the 
greater part of its financial resources, and these two Societies between them appoint approximately 
half the Board of Directors. Additional support for certain aspects of the work of the Bureau 
is now received from the Institution of Chemical Engineers, the Physiological Society, the 
Pathological Society, the Biochemical Society, the Anatomical Society of Great Britain and 
Ireland, the Society of Experimental Biology, and the Society of Public Analysts and other 
Analytical Chemists. The abstracting organisations with which British Abstracts may be 
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1949 


SOURCE OF PAPERS PUBLISHED — 1949 1935 
Academe 861% 
industrial 10% 246% 
Government 43% 17% 
Overseas 98% 


compared are Chemical Abstracts, published by the American Chemical Society, and the German 
Chemusches Zentraiblatt. 

In times of financial stringency the Abstracts have always been a ready target for economy 
measures. Thus, in November 1924, the Council considered a resolution in the name of 
Professor W. H. Perkin “ That the Society discontinues publishing the Abstracts from 
Ist January 1926."' This was defeated after a ballot had been taken. In 1931, the period 
of the world slump, a joint committee of the Society and the Society of Chemical Industry 
explored, without reaching any successful conclusion, the possibility of bilingual Abstracts to 
be produced in co-operation with the Chemisches Zentralblatt. The question of the Abstracts is 
again before us. During 1949, as stated in the Proceedings, the Council was unfortunately 
forced, owing to lack of funds, to give absolute priority to the Society’s own publications, As 
a consequence, we have been unable to increase our grant to the Bureau, which must have 
more financial help if British Abstracts are adequately to fulfil their proper function of covering 
the chemical literature of the world. 

The Officers and Council have given much anxious thought to this difficult question, to which 
an answer must be found without delay if our Abstracts are to continue. I believe that the 
ultimate solution is to be sought in the formation of an international abstracting organisation, 
and I hope that this pressing problegn will figure prominently on the agenda at the XVIth 
Conference of the Intertational Union of Pure and Applied Chemistry which meets next year 
in the United States. Our friends of the American Chemical Society are, I believe, also not 
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entirely free from financial anxieties regarding their publications, and I suggest that official 
talks should be initiated with them without delay in order to examine the possibilities of common 
action. It is therefore with mixed feelings that I read of the revival of the Chemisches 
Zentralblatt, Apart from financial considerations, the duplication of abstracts in various 
countries places an intolerable burden on scientific manpower, and cannot to-day be justified. 
We claim that science is international. Let us then go ahead with determination and 
imagination to carve a way to successful co-operation. 
Annual Reports and Quarterly Reviews.—In 1904, during the Presidency of Sir William 
Tilden, the series of Annual Reports on the Progress of Chemistry were instituted to fill a need for 
reports, in addition to abstracts, defining the state of knowledge on particular fields of 
research. With the growth of new branches of chemistry, each with its specialised language 
and techniques, it became impossible for one reporter to deal with a subject of such wide range 
as, say, General and Physical Chemistry, and the practice was started of inviting specialists 
to write short reviews on selected topics judged ripe for summarising. This measure, excellent 
in itself, was not sufficiently comprehensive to meet the demand for reviews on specialist 
subjects written in a manner which would render them capable of being understood by the 
non-specialist. In 1947 the Society, after a delay imposed by the outbreak of war, published 
the first volume of Quarterly Reviews, which have since developed into an important item in 
the Society's range of publications. 


FINance. 
In financial affairs, the situation, as you will have gathered, is far from 


satisfactory, 
especially when one considers the important services the Society renders to the State and 
Industry alike. The exceptional increase in the volume of publication has for the last two years 


Fi. 7. 
SOURCES OF INCOME AND DEFICIT 
RELATED TO EACH POUND 
OF EXPENDITURE 


balancing its accounts. Our total income—excluding special 
funds—was £48,244 in 1949, showing a deficit of income over expenditure of 49,111. 
The source of every pound of our income is conveniently reproduced in a simple form of 
i sometimes known as the “ Industrial Cake (Fig. 7). Unfortunately, the Society's 
cake starts with a goodly slice missing, i.¢., the deficit which we have had to make good by 
drawing on our all too slender reserves. It will be seen that Fellows of the Society and 
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subscribers to our publications find nearly three-quarters of our total income and that grants 
from outside sources represent only one-tenth of the total. 

The diagram of our expenditure (Fig. 5) reveals how high a proportion of our resources is 
devoted to publications. One of the problems which has always beset the Society is how to 
supply the younger chemists with the Journal at a moderate price. It is no more reasonable to 
expect them to pay the full cost of the /owrnal—an essential tool of their trade—than to expect a 
worker to pay for the expensive machine which he operates for the benefit of his country or of 
his firm. For this reason, the Council has taken steps to ensure that the recent increase in 
schedule prices should fall less heavily upon the younger chemists paying the reduced 
subscription. 

In 1841 the annual subscription was fixed at {2 for town members and {1 for country 
members, a distinction which was later dropped. The basic subscription was increased to £3 
in 1921 and to £3: 10: 0 in 1947, but this did not affect Fellows under 25 years of age, for whom 
the subscription was retained at £1: 15:0. Few Societies, I should imagine, are able to show 
so small an increase in subscription over so long a pernod. 


Fig. 8 


EXPENDITURE 


£1 


Naturally, if a Fellow wishes to receive every available publication, he will obviously pay 
much more than the basic £3: 10 ; 0 (see Fig. 9). Even in such a case, however, it cannot justly 
be claimed that the cost is really excessive, having regard to the increased bulk of all publications 
and to the general rise in commodity prices. Indeed, far from being overcharged for his 
publications, the chemist in this country receives them in some cases at considerably less than 
the cost of production. 

Unfortunately, there are still those among us who are satisfied to enjoy the benefits and 
privileges of a profession without contributing anything to its upkeep. Even at the risk of 
being called “ old-fashioned,” I must record my belief that the younger chemist of to-day lacks 
the “ esprit de corps "’ of an earlier generation. The present annual subscription represents a 
much smaller percentage of a young man’s salary than did the sum which, fifty years ago, Fellows 
of the Society considered it an honour to pay. I have no time for the person who refrains from 
supporting the Society because he has access to all the journals in a library. No intellectual 
pursuit can be followed on the basis of a ngid time-table of study, and many will agree with me 
that they can gain much more from a leisurely perusal of journals in their own homes. But if 
ties of duty and sentiment are not so strong to-day, surely self-interest should dictate the 
necessity for young men in chemical appointments to play their part in the affairs of the Society 
in the advancement of their science. I would like to see every chemical firm make it an obligation 
that all qualified chemists employed by them should contnbute through the Chemical Council 
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to the services provided for the benefit of chemists as a whole. If this were done, the status 
ot chemists in the community would very soon be raised and most of the financial problems of 

Before I deal with the part which the Society plays on the Chemical Council and, through 
the British National Committee for Chemistry, in international affairs, | should make mention 
of the more important of the special funds which the Society controls. 

The Research Fund was formed in a small way as early as 1872 and was later considerably 
augmented by donations from Dr. G. D. Longstaff, the Worshipful Company of Goldsmiths, and 
others. The annual income of the Fund is now some 600-700, and grants for the purchase of 
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special apparatus and chemicals are awarded twice per annum. This Fund is greatly appreciated 
by workers in many academic institutions, especially those with slender resources. 

The Centenary Fund, inaugurated during the celebrations in 1947, enables us to strengthen 
our age-long ties with our foreign colleagues. The Fund exists to defray the cost of inviting 
distinguished chemists from overseas to lecture in this country and to take part in our meetings. 
It also enables the Society to send official delegates to conferences and meetings in other 
countries. 

Tue CHemicat Counci. 


The increasingly heavy cost of publication had earlier in this century become a burden too 
great for the Society to meet from the subscriptions of its Fellows alone, and this was 
in 1926 when, somewhat tardily, Industry contributed a sum of just over {2,000 to the 
Publications Fund, which had just been instituted largely through the energies of the Treasurer 
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at that time, the late Sir Jocelyn Thorpe. In contributing to this Fund, and in making further 
donations to the cost of publications in subsequent years, Industry formally acknowledged 
the essential services which the Chemical Society and the Society of Chemical Industry provided. 

The need to co-ordinate the assistance given by Industry led to the formation of the Chemica! 
Council in 1935 by deed of agreement between the three chartered chemical bodies—The Chemical 
Society, The Society of Chemical Industry, and The Royal Institute of Chemistry. In the 
words of the agreement, the objects of the Council were 


“ co-ordination of scientific and educational publications, the publication of new 
discoveries in chemical science and of their application to the arts and manufactures, the 
promotion of research, the maintenance of a library for research and education purposes, 
and the provision and equipment of a building or buildings for all or any of the aforesaid 

The agreement also gave power to the newly formed Council to co-opt as additional members 
representatives of other kindred organisations. At present, the Chemical Council consists «1 
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Chemical Engineers (2); Biochemical Society (2) 
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twenty-four members—-four from each of the three chartered bodies and from the Association 
of British Chemical Manufacturers, and two each co-opted from the Faraday Society, the 
Society of Public Analysts and other Analytical Chemists, the Biochemical Society, and the 
Institution of Chemical Engineers (Fig. 10). 


— 
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of the Library of the Chemical Society to be in the hands of a Joint Library Committee 
responsible to the Council, and for the maintenance of the Library to be shared between the 
constituent bodies in proportion to their membership. The capital expenditure on journals, 
books, fixtures, and binding is, however, still borne entirely by the Chemical Society, which 
retains its ownership of the Library and its contents. ~ ae 

A further important activity of the Chemical Council has been the inauguration of the 
Joint Subscription Scheme, now administered by the Conjoint Chemical Office. The Scheme 
has been a considerable boon to its participants, since it has enabled those with very varied 
interests to select the services suited to their individual requirements from a wide range provided 
by more than one Society. The chemist is able to obtain these services, which may vary at 
different stages of his career, at much less cost than the separate subscriptions to the individual 
bodies. At the same time, he has the satisfaction of knowing that he is playing his part in 
maintaining the services required by the chemical community as a whole. 
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Benefit has also accrued to the respective Societies through the operation of the Scheme. 
Although many factors have contributed to the increase in membership over recent years, we 
must not overlook that a high proportion of the Fellows now pay a joint subscription, as shown 
in Fig. 11. 

Since the formation of our Society in 1841 chemists have founded a number of societies and 
institutions to provide for their special interests. In part, this has arisen since it would be 
difficult for one body to cater for the needs of all the specialised branches of chemistry. Each of 
these bodies has developed a character of its own and has its own group of loyal supporters. 
At the same time, it must be admitted that chemistry suffers by comparison with some other 
professions which have a strong central organisation to control their scientific, professional, and 
technological interest. Can we not, I wonder, build on the Joint Subscription Scheme an 
organisation that will give us the benefits of centralised control, while retaining for the various 
Societies an autonomy in the conduct of their affairs? 

In the meantime, the Chemical Council has launched a new appeal to Industry to increase 
the support which it has given in the past and without which it is impossible for the publishing 
societies to render a full service to the welfare of the country. Although it is too early to 
measure the result of this appeal, we earnestly hope that it will enable our publications to 
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continge without restrictions, {rom which the Chemical Industry would be the first to suffer, 
to the ultimate detriment of our whole national economy. 


or Pore anp Apriizp CHEMISTRY. 


I have already mentioned the International Union of Pure and Applied Chemistry. As 
there seems to be little general knowledge among the majority of chemists in this country 
concerning this body, I would like, before concluding my address, briefly to refer to its activities 
and its relationship with our Society (see Fig. 12). 


U.N.ES.C.O. 


International Union of 
Pure and Applied International Unions for 


Chemistry Other Sciences 


The Royal Society 


British National National Committees 
Committee for Chemistry for Other Sciences 


Historically, I have to go back to 1918, when the Royal Society, the Académie des Sciences 
of Paris, and the National Academy of Sciences at Washington discussed informally a possible 
future organisation of scientific undertakings. A preliminary meeting was held in London in 
October, 1915, on the invitation of the Royal Society, at which eight of the Allied countries 
were represented. This was followed by an official meeting of delegates from the academies of 
the Allied countries and, in the case of Great Britain, the Royal Society, which met in Brussels 
im the summer of 1919 as the first General Assembly of the International Research Council. At 
this Assembly, International Unions for Astronomy, Geodesy and Geophysics, Chemistry, and 
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Mathematics were formed and their Statutes were approved, as well as those of the Research 
Council (LC.S.U.). The Unions were left completely free to manage their own affairs in 
accordance with their Statutes, and from the outset the International Union of Pure and Applied 
Chemistry has been the most active and has worked most satisfactorily. 

Thirty-one countries are now attached to the Union, which is governed by a Council 
consisting of delegates from all the adhering countries. The number of delegates each country 
can nominate depends on the category in which it is placed according to its importance in the 
field of chemistry. There are three categories. Countries comprising category A have the 
right to nominate six delegates, category B four delegates, and category C two delegates. In 
the case of Great Britain, which naturally comes within category A, delegates are appointed by 
the Royal Society working through its National Committee for Chemistry, upon which the 
Chemical Society is represented. 

While the Council is the supreme controlling body of the Union, executive powers are vested 
in a General Purposes Committee known as the Bureau. This Committee consists of the 
President, six Vice-Presidents, six elected members, the Treasurer, and the General Secretary. 
A meeting of the Council and of the Bureau constitutes a Cenference, which meets every two 
years in a selected country. The agenda of the Conference includes the Presidential Report, 
the Treasurer's Report, general administrative business, and the reports of the Commissions. 
These Commissions cover all the scientific and technical aspects of chemistry. Each 
Commission has its own chairman and secretary, and is composed of specialists in the specific 
field for which it has been set up. There are at present 20 Commissions, detailed information 
on the work of which will be found in the issues of Chemistry and Industry dated February 25th 
and March 4th and I!Ith, 1950. 

Recently, 1.C.S.U. has set up mixed Commissions, which are composed of delegates from more 
than one Union. An example of this is the Commission on Standards, Units and Constants of 
Radioactivity, which includes delegates from the International Unions of both Chemistry and 
Physics. 

During the mecting of the XIVth Conference of the International Union of Chemistry in 
London in July, 1947, it was decided to set up a small Executive Committee selected from 
members of the Bureau. The Executive Committee meets every three months to carry out the 
routine business of the Union ; at present its members are Professor H. R. Kruyt (President), 
Dr. L. H. Lampitt (Treasurer), Professor R. Delaby (Secretary General), Professor Sir lan 
Heilbron, and Professor E. Berner. 

Finally, I should explain in a word that apart from the International Union's own income, 
which is used to defray travelling expenses of delegates, publication of reports, etc., financial 
aid is provided by U.N.E.S.C.O. towards the cost of meetings of Commissions and Conferences.* 


Conclusion, 


Chemistry is playing an indispensable part in the complex economic life of to-day. Some 
of its achievements arouse widespread public interest, as, for example, the production of nylon, 
penicillin, or cortisone, but the steady flow of chemical discoveries in other fields is not always 
appreciated. New materials with special properties, new solvents, new drugs, and new 
dyestuffs are always being made available through chemical research for use in industry, and the 
service which the Chemical Society can render to the research worker, especially by the provision 
of a rapid and efficient medium for the publication of his results, was never greater than it is now. 

Furthermore, international organisations are likely to play an increasingly important rdle 
in the future and, by establishing agreed standards and possibly by the co-ordination of 
abstracting services, will do much to make it easier for work performed in one country to be 
understood and applied elsewhere. The Society can, however, only fulfil its task in the 
national and the international sphere if it has the full support of its Fellows and, moreover, if 
all chemists regard membership of the Society as a primary duty. 


One final word, which is to express my warm thanks to Mr. Ruck Keene for the unsparing 
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ONE HUNDRED AND NINTH ANNUAL GENERAL 
MEETING. 


Tae One Hundred and Ninth Annual General Meeting of The Chemical Society was 
held in the Chemistry Department, King’s Buildings, West Mains Road, Edinburgh, at 
12 noon on Wednesday, 20th March, 1950. The President, Sir lan Heilbron, was in the 
Chair. 

The notice convening the Meeting was read. 

The Report of Council for 1949 which had been circulated to Fellows attending the 
Meeting was presented by Professor D. H. Hey who referred to the continued growth of 
the Society during the past year. Although this was satisfactory, he warned that the 
“turnover '’ of Fellows was higher than in the past and it was important to lose no 
opportunity of recruiting new Fellows for the Society. 

He referred also to the increase in the size of the Journal and to the satisfactory 
progress in reducing the delays of publication. By the purchase of back numbers, and by 
arrangements for reprinting the early volumes of the Journal, the Society would shortly 
be able to supply almost a complete set of back issues of the Journal from 1848. 

In presenting the Accounts for 1049, the Treasurer stated that the expenditure for 
the year exceeded income by over £9000. This was almost entirely due to the growing 
expenditure on publications. Had not the Council taken steps during the year to increase 
revenue, the deficit would have been considerably larger. The Special Reserve Fund 
would meet the loss for 149; but that part of the Fund allocated for Publications was 
now exhausted and, if expenditure was to continue at the present level and publication 
was not to be curtailed, the Society must increase its income. An appeal to Industry had 
been launched by the Chemical Council and the Treasurer hoped that support would be 
forthcoming on a scale sufficient to balance the increased expenditure. 

Dr. Neil Campbell proposed the adoption of the Report of Council and the Accounts, 
and his motion was seconded by Dr. M. Ritchie and carried unanimously. 

The following elections to vacancies on Council were announced : 


Professor E. K. Rideal. 


Vice-President : 
Professor R. P. Linstead. 


Elected Ordinary Members of Council : 
Constituency I: Constituency IV : 


Dr. J. S. Anderson. Professor F. E. King. 
Dr. L. N. Owen. Professor L. Hunter. 


On the motion of Dr. Duncan Taylor, seconded by Dr. G. Aspinall, Messrs. W. B. Keen 
& Co, were re-appointed Auditors to the Society for 1950. 

At the conclusion of the Meeting, a vote of thanks to the Officers and Council, Local 
Representatives, and others who had served the Society during the year, was proposed 
by Professor E. L. Hirst, seconded by Dr. T. R. Bolam, and carried with acclamation. 

The formal induction of Professor E. K. Rideal as President of the Society took place 
at the Anniversary Dinner of the Society held on Thursday, March 30th, at the North 
British Station Hotel, Edinburgh. 


President : 


(1950) 


One Hundred and Ninth Annual General Meeting. 


REPORT OF COUNCIL FOR 1949. 


Il. FELLOWSHIP. 


1. Honorary Fellowship. The following were elected Honorary Fellows of the Society 
in 1949 : 


Dr. C. S. Hudson 
Professor H. R. Kruyt Professor A. W. K. Tiselius 


The number of Honorary Fellows is now 29. 


2. Fellowship Statistics, The Fellowship showed a net increase of 322 during 1949. 
At December 3ist, there were 8195 names on the Register. 675 New Fellows were elected 
and 26 were reinstated. The Society has lost 60 Fellows by death, 2\0 by resignation, 
and 109 names were removed from the register. Of the total Fellowship, 4615 participated 
in the Joint Subscription Scheme sponsored by the Chemical Council. 


3. Joint Student Facilities. During 1949, joint student facilities of the Chemical 
Society and the Society of Chemical Industry were granted by the Chemical Council to 
17 persons. 


4. Honours. The congratulations of the Society were conveyed to the following 
whose names appeared in the New Year and Birthday Honours Lists : 


G.C.B. 
Sir Henry Tizard 
O.M. 

Sir Robert Robinson 
Knight Bachelor 


Dr. W. G, Ogg 
Dr. J. L. Simonsen 


C.B.E. 


Dr. J. R. Nicholls 
Professor W. Wardlaw 


The Council has also congratulated the following to whom awards have been made 


by the Royal Society : 
Professor R. A. Peters ........ Royal Medal 


5. Fellows who have completed 70, 0, and WO years of F 
of the Society have been conveyed personally by the President to Mr. William io, 
who completed 70 years of Fellowship on April 17th, 1949. Announcements have also 
been made at Ordinary Scientific Meetings, and have been published in the Proceedings, 
of the congratulations of the Society that have been sent to Fellows who during the year 
completed 60 and 50 years of Fellowship. 


6. A list of Honorary Fellows and Fellows corrected to December 10th, 1948, was. 
issued during the year, and copies * are available from the General Secretary. 


* Price two shillings and sixpence. 
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1. Jowrnal. During the year 739 scientific communications were received, 13 were 
declined, and 6 withdrawn. The Journal contained $88 items, made up as follows (all 
the figures quoted in this Report include those for the two Supplementary Issues) : 

(General, Physical, and 
(Physical 


Obituary Notices 
Annual General Meeting 


The Scientific Communications from overseas inciading 9 jointly with British 
laboratories) increased both in total number and in proportion; contributions were 
received from: Australia (47), Austria (1), Canada (5), Egypt (25), France (6), Germany 
(1), Hungary (2), India (3), Irish Republic (6), Israel (4), New Zealand (15), Poland (2), 
South Africa (10), Spain (1), Sweden (3), and U.S.A. (10). Contributions from industrial 
laboratories totalled 101 (including 14 jointly with academic institutions), and those from 
industrial research organisations and Government laboratories totalled 42 (including 10 
jointly with academic institutions). 

The following are some figures relative to the growth of publication : 

1938, 1943. 1947. 1948. 1949. 
Setentific communications received 507 208 523 548 739 
Pu 431 192 375 bil 876 

Of the 739 papers received during the whole of 1949, 426 were submitted during the 
last six months of the year. If this rate of submission continues, the Journal for 1950 
will be about as large as that for 1949, although a considerable part of the 1949 Journal 
was devoted to overhauling arrears of publication. 

The arrangements made in 1948 for an increased rate of publication in 1949 func- 
tioned satisfactorily; papers received in January 1949 began appearing in the June 
Journal, and by the end of the year there were no arrears of publication. In the December 
Jowrnal the average time between receipt of a manuscript and its publication was about 
four to five months (plus about three weeks if the paper contained illustrations), and of 
this time two to three weeks were absorbed in the preparation of preprints. It is hoped 
that the time between the receipt of a paper and its publication can be further reduced 
by a few weeks as the arrangements for publication of these larger monthly issues are 
perfected; but no very great reduction can be effected under present conditions. 

The progress in 149 was possible only through the unfailing co-operation of the 
Society's printers, Messrs. Richard Clay & Co., Ltd. 


2. Annual Reports and Quarterly Reviews, The Annual Reports for 1948 were dis- 
tributed during September. It is hoped to distribute the Annual Reports for 1949 during 
July 1950, 

Volume I (1947) of Quarterly Reviews was reprinted and became available during the 
year. 


Ill. MEETINGS. 


1. Scientific Meetings. The Society held 14 Meetings in London during 1949. These 
included 6 Lectures and 3 organised Discussions. At the other 5 Meetings, 12 papers 
were read and discussed. 

109 Meetings arranged by Local Representatives on behalf of the Society, or in con- 
junction with other societies, were held outside London. In addition, Fellows 
were able to attend, under arrangements made locally, a number of meetings organised 
by other bodies. 

Official Scientific Meetings of the Society were held at Newcastle on January 28th 
and Exeter on May 20th. 

Details of all Meetings are given in Appendix A. 


Il. PUBLICATIONS. 
Lectures and Addresses .......... 6 
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2. Anniversary Meetings. The 108th Annual General Meeting, The Presidential 
Address, and the Anniversary Dinner were held in London on March 3lst. In conjunction 
with these meetings, a Discussion on “ The Chemistry of the Heavy Elements,” held at 
Oxford on March 28th—30th, and a Symposium on “ The Use of Radioactive Tracers in 
Chemistry,” held in London on April Ist, were organised by the Society and the Chemistry 
Division of the Atomic Energy Research Establishment. 

A Report of the Annual General Meeting was published in the Jowrnal for May. The 
papers presented at the meetings at Oxford and London were published in a Supplementary 
Issue of the Journal. 


3. Centenary Fund. The income arising from the Centenary Fund has enabled the 
Society to invite a number of chemists from overseas to lecture and to take part in dis- 


cussion meetings. 


The Annual Report of the Joint Library Committee for 1049 appears as Appendix B 
to this Report. 


Vv. OTHER ACTIVITIES. 


1. Corday—Morgan Medal. Rules governing the award of the Medal and Prize were 
approved by Council and published in the Proceedings for April. 

The medal is to be awarded annually to the British Chemist, under thirty-six years 
of age who has, during the year for which the award is made, published the most 
meritorious contribution to tal chemistry. 

The award consists of a medal, designed by Mr. Percy Metcalfe, C.V.O., and a 
cash prise which will it fe expected, amoust to not lace than £150. Consideration will be 
given, at the end of 1950, to an award in respect of the year 1049. 


2. Flintoff Medal and Prize. As stated elsewhere in the Report the bequest of the 
late Mr. R. J. Flintoff has been received and has been invested. The income will be 
accumulated until sufficient funds are available to institute the award. 


3. Copyright. The Society has subscribed to a declaration, drawn up by the Royal 
Society and designed to make it easier for Scientists to obtain a single copy, for research 
purposes, of material which has appeared in the Society's Publications. 


4. Early Volumes of the Journal. The Society has entered into an agreement for 

published by Messrs. Butterworths (Scientific Publications), The new edition is 
capetiad to be available in the autumn of 1950. 


5. Research Grants. Grants from the Research Fund amounting to {775 2s. have 
been authorised for payment to 37 applicants. 


6. The Chemical Council and the Bureau of Abstracts. The Reports for the year 1048 
of the Chemical Council and of the Bureau of Abstracts have now been issued, and copies 
are available from the General Secretary. 


7. Accommodation. Acute shortage of accommodation has continued to present 
serious difficulties to the Society. However, a new office has been formed, by conversion 
of part of the basement, and this has enabled the Society to restore to other bodies the 
privilege of holding scientific meetings in the Society's Meeting Room. Improved cloak- 
room facilities and a new central-heating system have been installed in the Society's 
apartments. 
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Vi ADMINISTRATION. 


1. Cownest. At the Annual General Meeting on March 3ist, 1949, the following were 
declared elected : 


Vice-President Professor J. W. Cook, Professor W. Wardlaw. 
Honorary Secretary ... Professor H. Burton. 
Ordinary Members of Council. Professor C. E. H. Bawn, Dr. F. S. eee 


Dr. E. G. V. Percival, Dr. R. —_— i. 
fessor M g Mr. J. D. 
Rose, Dr. J. Walker, Dr. W. A. Waters. 


2. Local Representatives. The Council received with regret the resignation of a number 
of Local Representatives, and the following new appointments were made : 


Edinburgh — ............++ Neil Campbell in place of Dr. E. G. V. Percival. 
in place of Dr. J. D. Loudon. 
Irish Republic ............ = in place of Professor T. S. Wheeler. 
Manchester ...... vebeatinte “i x T. Rogers in place of Dr. J. C. Withers. 


Dr. D. O. Jordan has resumed his duties as Local Representative for Nottingham 
after twelve months’ absence. The Council has also appointed Dr. M. U. S. Sultanbawa 
and Dr. M. I. D. Chughtai as the Society's first Local Representatives in the Dominions 
of Ceylon and Pakistan respectively. 


3. Editor. The Council appointed Dr. R. S, Cahn as Editor of the Society’s Pub- 
lications as from March Ist, 1949. 


Vul. FINANCE. 


1. Investments. The following alterations in the Society's Investments have been 
made during the year : 
£259 14s, Od. standing to the credit of Life Composition Fees in the General Pur- 
poses Account, invested in 3% British Transport Guaranteed Stock 1978/88. 
£1,000, the W. H. Perkin Bequest, on the Publications Fund invested in 3% Southern 
Rhodesia Stock, 1971/73. 
£150 on the Special Lectures Fund invested in 3% British Transport Guaranteed 
Stock, 1978/88. 
£70 on the Faraday Lecture Fund invested in 34% Conversion Stock, 1961, by the 
transfer of stock from the Staff Pensions Fund. 
£4,500 on the Centenary Fund invested in 3% New Zealand Stock, 1973/77, and 
24% Savings Bonds, 1964/67. 
£1,000 on the Robert John Flintoff Trust invested in 3°, British Transport Guaran- 
teed Stock, 1978/88, and 34% Conversion Stock, 1961. 


The following stocks on Special Reserve Fund were sold in order to provide funds 
for transfer to the General Purposes Account for meeting the cost of publications : 
£2,400 24% National War Bonds, 1949/51. 
£3,700 24%, National War Bonds, 1952/54. 
and {569 4s. 24. 34%, Conversion Stock on Staff Pensions Fund (including the stock sold 
to the Faraday Lecture Fund) was realised. 


2. Contributions. The Council gratefully acknowledge the following contributions 
towards the cost of the Society's publications : 
{900 as a Supplementary grant for 1948 and {2,000 for 1949 from the Government 
Scientific Publications Grant-in-Aid, distributed by the Royal Society. 
£1,333 6s. 8d. from the Chemical Council, representing part of the income received 
during the War and reserved for the publication of scientific papers accumulated 
during that period, and {1,000 as a grant for 1949. 
A grant from the Ministry of Supply of half the cost of publication of the Supple- 
mentary issue of the Jowrnal containing the papers discussed at the Symposium 
held at Oxford and in London in conjunction with the Anniversary Meetings. 
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The Council also gratefully acknowledge donations from Dr. A. F. Campbell, Dr. D. 
Holmes, Pharmaceutical and Allied Chemicals Disposals, Ltd., and others, as well as 
contributions received for the Centenary Fund under deeds of covenant. 


3. Library. The Council records its thanks for a contribution of {200 received 
through the Royal Society from the Government Scientific Publications Grant-in-Aid, 
towards the cost of capital expenditure on the Library, and for the following contributions, 


on a membership basis, received through the Chemical Council towards the maintenance 
costs of the Library : 


The Royal Institute of Chemistry i188 19 4 
The Society of Chemical Industry 638 1 (0 
Thee 132 2 2 
The Society of Public 3 8 


The Chemical Society's share of the maintenance costs of the Library amounted to 
£618 7s. 6d., and in addition the Society has contributed over {900 towards the purchase 
of new books and other C ‘apital expenditure on the Library. 

Contributions towards the maintenance expenses have also been received from other 
sources as follows : 


Association of British Chemical Manufacturers ........................6 


4. Increased Prices of Publications. The increasing cost of producing the Society's 
publications has compelled the Council to increase during the year, to {6 per annum, the 
price at which the Journal is sold to non-Fellows; the Annual Reports on the Progress of 
Chemistry was increased to {1 5s. Od. per volume, and the Quarterly Reviews to {1 10s. Od. 
per annum. 

The Council also found it necessary to ask Fellows to bear a proportion of the increased 
costs, and the prices of the publications on the schedule were increased as from January 
Ist, 1950. 


5. Advertisements. During the year, Messrs. Walter Judd, Ltd., were appointed the 
Society's agents for procuring advertisements for the Society's publications. 


VIII. REPRESENTATION ON OTHER BODIES. 
The Society's representatives at December 31st, 1949 were as follows : 
Association of British Chemical Manufacturers : ' 
Joint Technical Committee on Patents: Dr. J. T. Hewitt. 
Barker Commuttee : 
Formed to support the publication of the Barker Index of the characteristic angles of 
crystalline compounds: Dr. G. M. Bennett. 


Bristol University Court : 
Sir Norman Haworth. 
British National Committee for Chemistry : 

Sir Norman Haworth, Sir Cyril Hinshelwood, Professor M. Stacey. 


British National Committee for Crystallography : 
Dr. G. M. Bennett. 


t.& 
100 0 0 
0 0 
2% 0 0 
Society of Dyers and Colourists 10 10 0 
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British Standards Institution, Technical Committees : 

M/1, Units and Technical Data: Professor C. W. Davies. 

M/4. Letter Symbols: Professor C. W. Davies. 

C/i7. Viscosity : Dr. A. E. Dunstan. 

c/is. Chemical Symbols and Abbreviations: Professor C. W. Davies. 

C/A. Standardisation of pH Scale : Professor H. T. S. Britton. 

CHE/36. Chemicals for Electroplating : Dr. U. R. Evans. 

DAC/-. Standards for Dairying Chemistry : Mr. Eric Voelker. 

LBC/-. Scientific Glassware and Related Laboratory Apparatus: Dr. G. R. Davies. 
LBC/2/1. Ubbelohde Apparatus: Dr. G. R. Davies. 

LBC/5. Hydrometers: Mr. R. Sutcliffe. 

LBC/6. Standard Distillation Apparatus: Mr. R. Sutcliffe. 

LBC/11. Microchemical Apparatus: Dr. H. D. K. Drew, Professor H. B, Nisbet. 
LGE/19. Colour Terminology : Dr. F. M. Hamer. 

PCC/1, Nomenclature for Insecticides: Dr. R. L. Wain. 


Bureau of Abstracts. 
Directors and Members > Dr. G. M. Bennett, Mr. F. P. Dunn, Dr. E. B. Hughes, Dr. E. H. 
Rodd. 


: Mr. R. P. Bell, Professor H. V. A. Briscoe, Dr. A. H. Cook, Professor W. 


The Treasurer, Sir lan Heilbron, Professor D. H. Hey, Dr. R. P. Linstead. 
City and Guilds of London Institute : 

The President. 
Faraday Society. Colloid and Biophysics Committee : 

Dr. P. Johnson. 

Joint Library Committee : 

Dr. A. H. Cook, Dr. C. H. Desch, Mr. M. B. Donald, 
Dr. Harold King, Professor G. A. R. Kon, Dr. 

Professor E. E. Turner. 

Lawes Agricultural Trust : 
Committee of Management : Sir Norman Haworth. 

Parliamentary and Scientific Committee : 

The President, Professor D. H. Hey. 

Regional Council for Further Education for the South-West : 
Chemistry and Chemical Technology Committee : Professor W. E. Garner. 


Royal Society. 

Joint Standing Committee for Symbols and Abbreviations: Mr. R. P. Bell, Professor 
C. W. Davies. 
Setentsfic Societies Accommodation Committee : 
The President. 
Yorkshire Council for Further Education : 


Advisory Committee for Chemistry in South and East Yorkshire: Professor R. D. 
Haworth, Professor Brynmor Jones. 


Members 

Wardlaw. 

Chemical Cowned : 

. P. Haas, 

). Hughes, 
Tompkins, 

| 
' 
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ACKNOWLEDGMENTS. 


The Council expresses its cordial thanks to the many Fellows who have served the 
Society in various ways during the year, including Members of Committees, Referees of 
submitted for publication, Contributors to the Asmual Reports and Lar Ad 


APPENDIX A. 
MEETINGS HELD DURING 1949. 
IN LONDON. 


Unless otherwise stated all meetings were held in the Rooms of the Society at 
Burlington House. 


January 20th, at the Royal Institution, Tilden Lecture, Three- and Four-smembered 
Heterocyclic Rings ", by Professor F. E. King; February 3rd, Johannes Nicolaus Bronsted 
Memorial Lecture, by Mr. R. P. Bell; February 17th, at Imperial College of Science and 
Technology, Centenary Lecture, “ Recent Developments in the Chemistry of Macrocyclic 
Compounds ” . by Professor Dr. V. Prelog ; March 3rd, Meeting for papers; March 
17th, Discussion, * Aspects of Heterogeneous Catalysis » arranged by R. Holroyd. 
Part I, “ Theoretical Basis’, by Mr. D. A. Dowden ; "Part Il, " Hydrogenation by Binary 
Alloys", by Dr. P. W. Reynolds; April Ist, at the Institution of Civil Engineers, Dis- 
cusSION, * The Use of Radioactive Tracers in Chemistry "; April 28th, Meeting for reading 
papers; May 12th, at the Royal Institution, Centenary Lecture, “ The Chemistry and 
Biochemistry of some Mammalian Secretions and Excretions”’, by Dr. E. Lederer; 
May 26th, Meeting for reading papers; October 20th, at Imperial College of Science and 
Technology, Tilden Lecture, “ Acetylene and Acetylenic Compounds in Organic Syn- 
thesis’, by Professor E. R. H. Jones; November 3rd, Meeting for reading papers; 
November 17th, at the Institution of Mechanical Engineers, Centenary Lecture, ‘‘ Radiation- 
induced Polymerisation ", by Dr. M. Magat; November 30th, at the Royal Institution, 


Symposium, “ Fluorine Chemistry ” , arranged by Professor H. J. Emeléus; December 15th, 
Meeting for reading papers. 


Aberdeen. Joint meetings with the local sections of the Royal Institute of Chemistry 
and the Society of Chemical Industry, in the Chemistry Department, Marischal College ; 
January 4th, Lecture,“ Sulphide Precipitation and the Law of Mass Action "’, by Mr. R. 
Belcher; January 27th, Lecture, “ Application of Dyestuffs to Materials other than 
Textiles ", by Mr. J. G. Grundy; February 25th, Lecture, “ Some Factors influencing 
the Strengths of Acids and Bases”, by Professor D. H. Everett; March 10th, Lecture, 
“ Recent Advances in Seaweed Technology ”, ", by Dr. F. N. Woodward ; October 27th, 
Lecture,“ Peat’, by Dr. G. K. Fraser; November llth, Tilden Lecture, “ Acetylene and 
Acetylenic Compounds in Organic Synthesis ", by Professor E. R. H. Jones; December 2nd, 
Lecture, * * Some Aspects of the Work at Rothamsted ” , by Sir William G. Ogg; December 
12th, Lecture, “ Some Recent Advances in the Chemistry of Fluorine Compounds ”, by 
Professor H. J. Emeléus. 

Birmingham. At the University (joint meetings with the University Chemical Societ 
March 18th, Lecture, ° ‘Some Aspects of Stereochemistry ", by Dr. F. G. Mann; Oct 
2ist, Lecture, * ‘The Oxidation of Aldehydes in Solution ”, by Professor C. E. it. Bawn ; 
December 2nd, Lecture, “ Chemical Constitution and Biological Activity ", by Dr. W. A. 
Sexton. 

Bristol. At the University (joint with the local sections of the Royal Institute 
of Chemistry and the Society of Industry): February 10th, Lecture, “ The 
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Stability of Emulsions ", by Dr. A. S. C. Lawrence; November 3rd, Lecture, “ What is a 
Chemical Bond? ", by Professor C. A. Coulson. 

Edinburgh. January 13th, at the North British Station Hotel (joint ing with the 
local sections of the Royal Institute of Chemistry and the Society of Chemical Industry), 
Lecture,’ Amphipathic Behaviour in Colloid Systems "’, by Dr. T. R. Bolam; February 8th, 
at the University (joint meeting with the local sections of the Royal Institute of Chemistry, 
the Society of Chemical Industry and the University Chemical Society), Lecture, “ Some 
Recent Advances in the Chemistry of Natural Products”, by Professor R. D. Haworth; 
at the North British Station Hotel (joint meetings with the local sections of the Royal 
Institute of Chemistry and the Society of Chemical Industry): February 24th, Lecture, 
“ Analytical Chemistry, Chemical Analysis, and the Analyst’, by Mr. R. C. Chirnside; 
March 17th, Lecture, ‘’ Recent Trends in the Industrial Utilisation of Agricultural Products 
in North America’, by Dr. F. N. Woodward; October 20th, Lecture, ‘* The Cow—Man- 
kind’s Benefactress "’, by Mr. E. B. Anderson; November 17th, Lecture, ‘* Radical Chem- 
istry applied to Problems in the Hydrocarbon, Drying Oil, and Rubber Fields '’, by Dr. 
E. H. Farmer; December 8th, at the Y.M.C.A. Hall (joint meeting with the local sections 
of the Royal Institute of Chemistry and the Society of Chemical Industry), Scientific 
Film display. 

Exeter. At Washington Singer Laboratories: May 6th and 7th (joint meetings with 
British Rheologists’ Club), Discussion, “ Suspensions and Sedimentation ""; May 20th, 
Official Meeting of the Society and Lecture, ‘" A New Approach to the Synthesis of Azoles 
and Purines ’, by Sir lan Heilbron; October 14th (joint meeting with University College 
Scientific Society), Lecture, “ Diffraction of Neutrons by Crystals ’’, by Dr. Kathleen 
Lonsdale ; November 25th (joint meeting with the local sections of the Royal Institute of 
Chemistry and the Society of Chemical Industry), Lecture, “ Corrosion Inhibitors", by 
Dr, U. R. Evans; December 2nd (joint meeting with University College Scientific Society), 
Lecture, “ Catalysis and the Surface Levels of Copper Oxide "’, by Professor W. E. Garner. 

Glasgow. February 2ist, at the Royal Technical College, Annual General Meeting of 
the Local Section and Centenary Lecture, “ Recent Developments in the Chemistry of 
Macrocyclic Compounds", by Professor V. Prelog; at the University: March 11th, 
Lecture, “ The Head-to-tail Isoprene Rule and its Limitations in Terpene Chemistry”, 
by Professor G. R. Clemo; October 28th (joint meeting with the Alchemists’ Club and 
the Andersonian Chemical Society), Lecture, “ The Art of making Sulphate of Ammonia ”, 
by Dr. M. P. Applebey ; November 25th, Lecture, ‘‘ Modern Theories of Chemical Valency "’, 
by Sir John Lennard-Jones. 

Hull, At University College: February 24th (joint meeting with the local section 
of the Royal Institute of Chemistry and University College Scientific Society), Lecture, 
“ The Nature of Scientific Convictions ", by Professor M. Polanyi; (joint meetings with 
University College Scientific Society): April 28th, Lecture, “Some Recent Developments 
in the Chemistry of Natural Products", by Professor R. D. Haworth; October 20th, 
Lecture, “‘ The Mechanism of Drug Action”, by Professor A. R. Todd; November 10th, 
Lecture, Surface Films”, by Professor N. K. Adam. 

Irish Republic. At University College, Dublin (joint meetings with University College 
Chemical Society and the Werner Society): February 28th, Lecture, ‘‘ Researches on the 
Chemistry of the Algw "', by Professor T. Dillon; March 7th, Lecture, “ The Chemistry of 
Reductone and its Bearing on Sulphanilamide Action”, by Professor W. Cocker; at 
Trinity College, Dublin, March 14th, Lecture, ‘“ The Development of the Periodic Table "’, 
by Professor T. S. Wheeler; May 6th (joint meeting with the Werner Society), Lecture, 
“ Recent Progress in the Chemistry of Pectin and Hemicelluloses ”, by Professor E. L. 
Hirst; May 16th, Centenary Lecture, ‘‘ The Chemistry and Biochemistry of some Mam- 
malian Secretions and Excretions ", by Dr. E. Lederer; May 27th (joint meeting with 
the Werner Society), Lecture, “ A Chapter in Inorganic Stereochemistry "’, by Professor W. 
Wardlaw; October 2Ist (joint meeting with the Werner Society), Lecture, “ Methods of 
Biological Assay’, by Mr. A. L. Bacharach; November 2nd, at University College, 
Dublin, Lecture, “ Some Biologically Active Phenazine Derivatives, by Mr. J. G. Belton ; 
November 25th, at Trinity College, Dublin (joint meeting with the Werner Society), 
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Lecture, “ The Head-to-tail Isoprene Rule and its bearing on Terpene Chemistry", by 
Professor G. R. Clemo. 

Leeds. At the University: March 1th (joint meeting with the University Chemical 
Society), Debate followed by Lecture, “ Structural Relationships amongst the Poly- 
saccharides ", by Professor E. L. Hirst; May 20th, Centenary Lecture, “ The C 
and Biochemistry of Some Mammalian Secretions and Excretions " , by Dr. E. Lederer, 

Liverpool. At the University : February 10th, Lecture, “ Recent Advances in the 
Physical Chemistry of High Polymers ”, by Dr. G. Gee; February 24th, Centenary 
Lecture, “ Some Recent Advances in the Chemistry of Macrocyclic Compounds ”, 
Professor Dr. V. Prelog; October 27th, Lecture, “ Editing for the Chemical Society ”, 
by Dr. R. S. Cahn; November 6th, Centenary Lecture, * Radiation-induced Polymeris- 
ation "’, by Dr. M. Magat; December 15th, Lecture, “ The Biological Oxidation of certain 
Aromatic Compounds with Special Reference to the Bacterial Cleavage of the Benzene 
Ring ", by Dr. W. C. Evans. 

Manchester. January 7th, at the Engineer's Club (joint meeting with the local sections 
of the Royal Institute of Chemistry and the Society of Chemical Industry), Lecture, 
“ Production of Acetylene from Hydrocarbons’, by Dr. H. Steiner; February 22nd, 
at the University, Centenary Lecture, “ Recent Developments in the Chemistry of Macro- 
cyclic Compounds ", by Professor Dr. V. Prelog; February 24th, at the Engineers’ Club 
(joint meeting with the local sections of the Royal Institute of Chemistry and the Society 
of Chemical Industry), Lecture, “ Some Recent Developments in Inorganic Chromato- 
graphy", by Dr. R. P. Linstead; March 10th, at the University, Meeting for reading 

pers; March 24th, at the Engineers’ Club (joint meeting with the local sections of the 
Reval Institute of Chemistry and the Society of Chemical Industry), Lecture, “ The 
Chemistry of the Deoxy-sugars "’, by Professor M. Stacey; October 20th, at the Univer- 
sity, Meeting for reading papers; November 9th, at the University (joint meeting with 
the local sections of the Royal Institute of Chemistry and the Society of Chemical Industry), 
Symposium, “ Some Chemical Aspects of Atomic Energy"; December 2nd, at the Gas 
Show Rooms (joint meeting with the local sections of the Royal Institute of Chemistry 
and the Society of Chemical Industry), Lecture, ‘‘ Some Studies of Oxidation—Reduction 
Reactions "’, by Professor M. G. Evans. 

Newcastle and Durham. At King’s College, Newcastle-on-Tyne: January 14th, 
Bedson Club Lecture, ‘’ Chemistry and Atomic Energy " by Dr. R. Spence; January 28th, 
Official Meeting of the Society and Tilden Lecture, ‘‘ Three- and Four- membered Hetero- 
cyclic Rings "’, by Professor F. E. King; February 11th, Bedson Club Lecture, “ Partition 
Chromatography ”, by Dr. A. J. Martin; March 4th, Meeting for reading papers; May 13th, 
Bedson Club Lecture, “‘ The Kinetics of Oxidation Reactions in the Gaseous Phase "’, by 
Sir Cyril Hinshelwood ; May 19th, Centenary Lecture, ‘‘ The Chemistry and Biochemistry 
of Some Mammalian Secretions and Excretions’’, by Dr. E. Lederer; November 25th, 
Meeting for reading papers. Fellows were invited to all meetings of the Bedson Club 
as well as those organised by other bodies. 

Northern Ireland. At Belfast (joint meetings with the local sections of the Royal 
Institute of Chemistry and the Society of Chemical Industry): January 2Ist, Lecture, 
“ The Flax Wet Spinning Frame as a Source of Catalytic Damage in Bleaching "’, by Dr. 
W. Honneyman; February 9th, Lecture, “ Some Problems of the Sensitiveness of Explo- 
sives ", by Professor A. R. Ubbelohde; March 2nd, Lecture, “ The Future of Synthetic 
Detergents in Relation to the Petroleum Chemical Industry”, by Mr. A. K. Simcox; 
May 10th (joint meeting with the Microchemical Group of the Society of Public Analysts 
and the local sections of the Royal Institute of Chemistry and the Society of Chemical 
Industry), Meeting for reading of papers; May 17th, Centenary Lecture, “’ The Chemistry 
and Biochemistry of Some Mammalian Secretions and Excretions ", by Dr. E. Lederer. 

North Wales. February 17th, at University College of North Wales, Bangor (joint 
meeting with the University College of North Wales and the University of Liverpool 
Chemical Societies), Lecture, “ Corrosion: The Study of Surface Reactions on Metals "’, 
by Dr. W. H. J. Vernon; (joint meetings with University College of North Wales Chemical 
Society) : March 3rd, at the Edward Davies Chemical Laboratories, Aberystwyth, Lecture, 
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The Liquid State, by Dr. A. E. Moelwyn-Hughes; at University College of North 
Wales: May 5th, Lecture, “ Problems in the Chemistry of the Pectin and Hemicelluloses "’, 
by Professor E. L. Hirst; November 24th, Lecture, “ A New Type of Aromatic Com- 
pound ", by Professor W. Baker. 

Nottingham. At the University (joint meetings with the University a aé 
January 27th, Lecture, ‘ Some Aspects of Structural Inorganic Chemistry ", y Dr. A. F. 
Wells; February 24th, Lecture, “ The Shape of the Chemical Bond ” "by Broker © 
Coulson : March 10th, Lecture, * ‘Some Metabolic Products of Moulds ” » by Pro fessor A. 
Robertson ; October 20th, Lecture, ‘ The Scattering of Light by Solutions ” , by Dr. E. J. 
Bowen ; November 10th, Lecture, * Organic pe of Fluorine “ M. 
Stacey; December Ist, Meeting for reading pa 

Oxford. Fellows were invited to the + sar Alembic Club Lectures held at the 
Physical Chemistry Laboratory : January 24th, Lecture, “ Some Remarks on the Periodic 
Table ", by Professor N. V. Sidgwick; February 7th, Lecture,  Localised and Non-local- 
ised Bonds, by Professor C. A. Coulson; February 28th (joint meeting with the local 
section of the Royal Institute of Chemistry), Lecture, ““ Research and Productivity in 
Industry,” by Mr. C. S. Robinson; May 9th, Lecture,“ »-Electrons in Organic Chemistry 
by Dr, M. J. S. Dewar; May 17th, Lecture,‘ The Liquid State, by Dr. E. A. Moelwyn- 
Hughes; October 17th, Lecture, Compounds of the Inert Gases", by Mr. H. M. Powell ; 
October Bist, Lecture, “ Micro-wave Spectroscopy”, by Professor E. Bright Wilson; 
November 2ist, Lecture, ‘ Synthesis of Nucleotides’, by Professor A. R. Todd. 

St. Andrews and Dundee. February 10th, at University College, Dundee [joint meet- 
ing with the local sections of the Royal Institute of Chemistry, the Society of Chemical 
Industry and in conjunction with the British Association (Dundee) Trust], Lecture, “ Soil 
Fertility ", by Dr. W. G. Ogg; February 25th, at United College, St. Andrews (joint 
meeting with the local section of the Royal Institute of Chemistry and the University 
Chemical Society), Lecture, “ Free Radicals and Hydrocarbon Chemistry ', by Professor 
C. E. H. Bawn; April 7th, at University College, Dundee, Lecture, “’ Some Recent Advances 
in Surface Chemistry "’, by Dr, A. E. Alexander; April 29th, at United College, St. Andrews, 
Lecture, Recent Developments in the Chemistry of Glutamic Acid and its Compounds ", 
by Professor F, E. King; at University College, Dundee : October 21st, Lecture, ‘* Chemical 
Reactions induced by Nuclear Radiations ", by Dr. F. S. Dainton; October 27th, Lecture, 
“ The Chemistry of Metallic Oxides '', by Dr. J. S. Anderson. 

Sheffield, At the University (joint meetings with the University Chemical Society) : 
February 17th, Lecture, ‘‘ Hydrogen Peroxide as an lonising Solvent”, by Professor 
W. F. K. Wynne-Jones; March 3rd, Lecture, ‘‘ The Chemistry of Colchicine "’, by Pro- 
fessor J, W. Cook; November 3rd, Lecture, ““ Some Aspects of the Organic Chemistry of 
Fluorine "', by Dr. C. W. Suckling; December Ist, Lecture, ‘‘ Some Oxidations involving 
Free Radicals ", by Dr. W. A. Waters. 

Southampton. January 28th, at University College (joint meeting with the University 
College Chemical Society), Lecture, “Some Aspects of Recent Work at the Chemical 
Research Laboratory, Teddington’, by Dr. R. P. Linstead; February 2nd, at the 
Municipal College, Portsmouth (joint meeting with the Mid-Southern Counties Section 
of the Royal Institute of Chemistry, the London Section of the Society of Chemical 
Industry and the Portsmouth and District Chemical Society), Lecture, ‘‘ Food Science in 
Evolution ", by Dr. L. H. Lampitt; at University College: May 6th (joint meeting 
with the University College Chemical Society), Lecture, “Some Aspects of Aromatic 
Substitution ’, by Professor Brynmor Jones; October 2Ist (joint meeting with the 
Mid-Southern, Counties Section of the Royal Institute of Chemistry and the University 
College Chemical Society), Lecture, ‘ Medical Aspects of Radiation Chemistry", by Dr. 
Edson; November 25th (joint meeting with the University College Chemical Society) 
Lecture, “ Macro-molecular Studies with the Electron-microscope ", by Professor W 
Astbury. 

South Wales. At University College, Swansea: January 2lst, Lecture, “ The Oxid- 
ation of Phenols’, by Professor R. D. Haworth; (joint meetings with University College 
of Swansea Students’ Chemical Society): February 3rd, Lecture, “ The Friction and 
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Lubrication of Metal Surfaces”, by Dr. F. B. Bowden; March llth, Lecture, “ The 
Function of Sulphuric Acid in Aromatic Nitration ", by Dr. G. M. Bennett; October 27th, 
at University College, Cardiff, Lecture, ‘ Aromatic Nitration ", by Professor C. K. Ingold ; 
at University College, Swansea: October 28th (joint meeting with the local section of 
the Royal Institute of Chemistry and University College of Swansea Students’ Chemical 
Society), Lecture, “ Aromatic Nitration’, by Professor C. K. Ingold; November 18th 
(joint meeting with University College of Swansea Students’ Chemical Society), Lecture, 
“The Formation and the Reactions of Free Radicals in Solution”, by Professor M. G. Evans ; 
at University College, Cardiff: November 30th, Lecture, ‘“‘ Some Recent Advances in the 
Physical Chemistry of High Polymers ", by Dr. G. Gee. 


APPENDIX B. 
ANNUAL REPORT OF THE JOINT LIBRARY COMMITTEE FOR THE YEAR 1949. 


Problems arising from war-time activities, and from re-adjustments in the chemical 
industry immediately after the war, were reflected in the abnormal increase in the number 
of readers using the Library and in the number of books borrowed. This phase having 
passed, it is not surprising that there were decreases in the number of attendances and 
of books borrowed during the year 1949. The more prolonged use made of the Library 
on the average by individual readers, however, together with the more complex nature 
of the enquiries received, suggest that the Library is utilised for problems of a more 
fundamental character than ever. A substantial increase in the number of books issued 
by post makes it clear that the value of the Library is becoming more fully appreciated 
in the provinces. 

The photostat service is still meeting a real need; during the year, the number of 
printed pages copied was 5018, an increase of 413 on the previous year, There were 1985 
telephone enquiries, an increase of 221 over the figures for 1948. The number of books 
added to the Library was 319, of which 71 were presented. There were 573 volumes of 
periodicals added and 224 pamphlets. The total number of volumes in the Library is 
now 50,679, of which 15,373 are books and 35,306 volumes of periodicals. 


Volumes of 
Books Books periodicals Pamphiets 
Attendances. borrowed. added. added added. 
10,778 8926 (4177 by post) 319 573 224 
11,547 9741 (3569 by post) 282 583 187 


It has been found possible to waive the Regulation requiring the registration of 
Library books sent through the post to addresses in Great Britain, and certain other 
Library Regulations have been simplified. 

It gives the Committee much pleasure to record its sincere thanks to those authors 
and publishers who have courteously presented copies of newly published works to the 
Library, and also to Fellows and others who have enriched the Society's historical collection 
by the gift of copies of earlier publications. 
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